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INTRODUCTION 
A survey of field and clinical cases presented to the 
College of Veterinary Medicine, Iowa State University 
during 1973 and 1974 indicated that a substantial number 
of suckling pigs were anemic. Some of the pigs were weak 
and a few were icteric. A majority of these pigs had re­
duced hematocrit values and their bone marrows were hyper-
cellular with a preponderance of erythrocytic precursors, 
many of which v.'ere multinucleated. There were no visible 
morphologic alterations in tissues. However, an excessive 
amount of a brown pigment was observed in the liver, spleen 
and lymph nodes. History obtained from farmers indicated 
repeated occurrences of this condition on the same farms. 
Mortality in affected pigs, especially those under one 
week of age, was high. Supplementation of sow diets with 
selenium and vitamin E was often followed by elimination 
of the condition in succeeding litters. 
In swine, selenium-vitamin E deficiency is associated 
with a poorly understood disease syndrome. This syndrome 
often causes deaths in weaned, rapidly growing pigSc The 
lesions may be expressed in a wide variety of morphologic 
changes, which frequently include massive hepatic necrosis, 
skeletal muscle necrosis, myocardial and vascular lesions, 
and yellow discoloration of fat. Supplemental feeding of 
vitamin E alone or in combination with selenium to pigs 
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on a selenium-vitamin E deficient diet prevents develop­
ment of these lesions. There is disagreement as to whether 
dietary selenium supplement in the absence of vitamin E 
protects against development of skeletal muscle lesions. 
Anemia is one of the early signs of vitamin E defic­
iency in monkeys and premature human infants. Erythrocytes 
from these patients are highly susceptible to in vitro 
hemolysis, and in vivo studies have demonstrated a de­
creased life span for such cells. Bone marrow abnormal­
ities, particularly in erythrocyte precursors, are a 
characteristic feature of this anemia. 
Similar bone marrow abnormalities were described in 
vitamin E deficient, anemic pigs (Nafstad, 19^5) snd 
ultrastructural changes were reported in bone marrows and 
peripheral blood erythrocytes (Nafstad and Nafstad, I968) .  
The pathogenesis of this anemia is not known. Evidence 
from the literature links vitamin E with regulation of 
heme synthesis (Nair, 1972; Murty et al., 1970; Porter 
and Pitch, I966). Delta-aminolevulinic acid dehydratase, 
an enzyme which catalyses the conversion reaction of amino­
levulinic acid to porphobilinogen, a precursor to heme, is 
decreased in liver sections of vitamin E deficient rats. 
This enzyme is present in many mammalian cells including 
erythrocytes. The possibility of a decreased activity of 
this enzyme in erythrocytes of vitamin E deficient pigs 
has not been investigated. 
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Blood viscosity is knovm to increase in certain types 
of anemias. Abnormalities in internal structures as well 
as defects in membranes of erythrocytes greatly influence 
viscosity of whole blood. The viscosity of whole blood 
from vitamin E and/or selenium deficient pigs has not 
previously been reported. 
The swine industry experiences considerable losses 
in young pigs from death and decreased growth rate due to 
poorly characterized causes. Since selenium, vitamin E, 
and selenium-vitamin E deficiencies have been incrim­
inated as important contributors of morbidity and/or 
actual causes of mortality in young pigs, it was decided 
that the following research trials should be undertaken 
to more clearly detail the specific roles that these 
deficiencies have in the cause of disease in immature 
plÇS 0 
Objectives were as follows: 
1. To evaluate blood and bone marrow changes in suck­
ling pigs farrowed by sows receiving diets low in 
selenium and vitamin E. 
2. To evaluate effects of feeding a diet that is 
deficient in selenium and vitamin E on blood, 
bone marrow and other tissues in weanling pigs 
farrowed by sows fed low levels of selenium and 
vitamin E, and in weanling pigs farrowed by sows 
fed standard gestation and lactation diets. 
To compare relative efficacy of selenium and 
vitamin E in preventing development of morphologic 
alterations which characterize the selenium-
vitamin E deficiency syndrome in pigs. 
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REVIEW OF LITERATURE 
Selenium-vitamin E deficiency is associated with a 
poorly understood disease syndrome in many animal species. 
In swine, this deficiency disease is characterized by a 
wide variety of lesions. These include massive hepatic 
necrosis, cardiac and skeletal muscle degeneration, vas­
cular damage, serous effusions into body cavities and 
tissues, yellow discoloration of body fat, and anemia. 
The disease is commonly found in fast growing, weanling 
pigs. Occasionally, death is preceded by short periods 
of decreased locomotion, dyspnea, trembling, and poor 
feed consumption. However, death losses in affected pigs 
usually occur without any premonitory signs of disease. 
In the United States, the disease has been reported with 
increased frequency in mid-westem states since the early 
1960's. Prior to this time, the selenium and/or vitamin 
E deficiency syndrome in swine was primarily reported 
in parts of Europe. 
The pathogenesis of this disease is poorly defined. 
The disease has been associated with feeding pigs diets 
that are deficient in vitamin E and/or selenium. (Ewan et 
al., 1969; Gorham et al., 1951&, 1951b; Grant, I96I; Hard­
ing, I96O; Lanneck et si,, I96I; Lindberg and Orstadius, 
I96I; Mahan £t , 1973» Michel ^  , I969; Nafstad 
and Tollersrud, 1970; Obel, 1953; Orstadius ^  al., I963;  
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Trapp ^  , 1970; Van Vleet ^  al., 1970). 
Obel (1953)  described a dietary deficiency syndrome 
(hepatosis dietetica) in which a predominant lesion was 
massive hepatic necrosis. Other morphologic changes 
included degeneration of cardiac and skeletal muscles, 
fibrinoid degeneration of arterial walls and yellow dis­
coloration of body fat. The condition was reproduced by 
feeding diets that contained 18% dried brewer's yeast and 
6% cod liver oil. The disease was prevented by substi­
tuting lard for cod liver oil and supplementing the diet 
with sulfur-containing amino acids or vitamin E, 
In 1961, Grant described a dietary deficiency syndrome 
of swine in which the predominant lesion was degenerative 
changes in the cardiovascular system. Grant considered 
vascular changes to be the primary lesion in this condition 
and coined the term "dietetic microangiopathy" for the 
syndrome. This syndrome had many similarities with a 
condition described in swine earlier as "mulberry heart 
disease" by Lamont et al, (1950). 
Naturally occurring and experimentally produced cases 
of nutritional muscular dystrophy in pigs have been exten­
sively discussed (Dodd and Mewling, I96O; Ewan et al., 
1969; Hartley and Grant, I96I; Lanneck ^  al., I96I; Lind-
berg and Orstadius, I96I; Ludvigsen, 1953» Michel et al,, 
19695 Nafstad and Tollersrud, 1970; Thafvelin, I96O; Trapp 
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et al., 1970; Van Vleet et al., 1970). This condition has 
been produced by feeding pigs diets that are high in fat 
and deficient in vitamin E and/or selenium. 
Ruth and Van Vleet (19740 reported that "features common 
to all pigs fed the selenium-vitamin E deficient ration were 
selective destruction of type I skeletal muscle fibers and 
lack of phosphorylase activity in type II fibers". They 
also reported that "of the 8 pigs fed the selenium-vitamin 
E deficient ration, only the 2 with the longest duration 
of increased plasma enzymic activities had grossly visible 
pulmonary edema and microscopically apparent degenerative 
changes of fibrinoid degeneration and microangiopathy, with 
thrombosis in arterioles and capillaries of skeletal mus­
cle". From this they stated that "muscle degeneration 
appears to have been generally the result of primary fiber 
damage and not secondary to these vascular lesions". 
Spontaneous and/or experimentally produced cases of 
yellow discoloration of body fat (yellow fat disease) have 
been described in pigs (Davis and Gorham, 195^» Gorham 
et al., 1951a; Obel, 1953)1 in mink (Gorham et al., 1951b) 
and in rats ( mason ^ , 1946). The condition is 
associated with feeding diets that are low in vitamin E 
and high in unsaturated fatty acids such as cod liver oil. 
Supplementing these diets with vitamin E prevents the con­
dition (Davis and Gorham, 1954", Ewan £t , 1969; Obel, 
1953). 
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Although selenium and vitamin E are interrelated as 
micronutrients (Cheeke and Oldfield, 1969; Desai and Scott, 
1965; Diplock et al,, 1971; Fulton and Smith, 1970; Muth 
et al., 1958; Patterson ex al,, 1957; Proctor et al., 1958; 
Schwarz and Foltz, 1957; Scott et al., 1957; Thompson and 
Scott, 1969)1 their exact metabolic functions have yet to 
be clarified. 
Two theories regarding the mechanism of action of 
vitamin E have been advanced. One theory regards vitamin 
E as a biological antioxidant (Desai et al., I964; McCay 
_et ^., 1972; Tappel, 1972; Tappel and Zalkin, 1959; Zalkin 
et al., 1962). Proponents of this theory say that vitamin 
E prevents formation of peroxides from unsaturated fatty 
acids and that in its absence there is uncontrolled per­
oxidation of lipids including those in intracellular mem-
br?ne5- AnnoT-dlng t.o this theory, symptoms of vitamin E 
deficiency result from instability and damage to cellular 
and intracellular membranes. The other theory considers 
vitamin E as having specific metabolic functions in bio­
logic systems (Green, 1972; Nair, 1972; Schwarz, 1972). 
Proponents of the specific metabolic function theory for 
vitamin E cite the role of vitamin E in maintaining the 
integrity of intestinal cells (Molenaar et al.. I968;  
1970), in collagen metabolism (Brown et al., 19^7)9 in 
amino acid transport (Diehl, I966; Imami ^  al»» 1970) and 
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in biosynthesis of heme and hemoproteins (Murty et al., 
I97O; Nair, 1972; Porter and Fitch, I966) .  
Prior to 1957, interest in selenium was primarily on 
its toxicity. In 1957, Schwarz and Foltz showed that 
selenium compounds could protect rats from dietary hepatic 
necrosis. Muth et al. (1958) reported that oral administra­
tion of selenium protected lambs against nutritional mus­
cular dystrophy (white muscle disease). McLean et al. 
(1959) demonstrated that subcutaneous administration of 
selenium protected against nutritional muscular- dystrophy 
and improved growth responses of lambs. In the i960's 
other investigators reported that selenium protected 
against many but not all animal nutritional deficiency 
diseases that were responsive to vitamin E therapy. 
The essentiality of selenium as a nutrient in the 
chicken, rat and subhuman primate has been demonstrated 
in recent years (McCoy and Weswig, 1969; Muth et al., 1971; 
Thompson and Scott, I969, 1970). Findings that selenium 
is a component of glutathione peroxidase, an enzyme present 
in many mammalian cells including erythrocytes, and that 
this enzyme was related to the level of dietary selenium 
(Chow and Tappel, 197^1 R0truck _et . 1971, 1972) have 
stimulated further studies on the role of selenium in 
animal nutrition. In fact, some investigators (Noguchi ^  
al., 1973» Tappel, 197^) have suggested that the protective 
effect of selenium in selenium-reeponsive disease may lie 
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in its ability to maintain the glutathione peroxidase 
system. 
Obel (1953) and Grant (I96I) pointed out that anemia 
developed in vitamin E deficient pigs. Such anemia was 
reproduced in vitamin E deficient pigs and partially 
characterized by Nafstad (I965). Initially, all the blood 
values were within normal limits, but gradually these pigs 
became anemic. Signs of anemia were prominent after the 
pigs had been on the deficient diet for 4 weeks. Changes 
were also present in the bone marrow and these were char­
acterized by hypercellularity with respect to the erythroid 
series. Many erythropoietic precursors were multinucleated 
and, although some cells had 3> 4 or 5 nuclei per cell, 
the majority of these abnormal cells had 2 nuclei per 
cell. Nafstad stated that bone marrow specimens were 
HVMief normal or slightly hr/perplastic with regard to the 
granulocytic series, and megakaryocytes appeared to be 
increased. These abnormal changes also were observed in 
bone marrow specimens of pigs that were fed vitamin E de­
ficient diets and supplemented with either selenium or 
amino acids. In contrast, Nafstad noted that none of 
these abnormalities were observed in blood and bone marrow 
specimens from vitamin E replete pigs. 
Ultrastructural studies on blood and bone marrow 
specimens of vitamin E deficient, anemic pigs were carried 
out by Nafstad and Nafstad (1968). Their significant 
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findings included increased erythrophagocytosis in tone 
marrow, a decrease in the number of cytoplasmic polyribo­
somes, nuclear abnormalities in many erythrocytic precursors 
and in some myeloid cells, and an increase in the number of 
naked erythroblastic nuclei. 
Michel et al. (I969) examined blood from pigs that 
were fed experimental diets. They reported that reduced 
hematocrit and hemoglobin values occurred in many of the 
pigs fed the 6^ protein basal ration. In addition, they 
stated that pigs fed supplemental vitamin E had reduced 
hematocrit and hemoglobin values. These workers concluded 
that the anemia was not correlated with a vitamin E de­
ficiency. 
Michel et al. (I969) reported that "in the bone 
marrow smears of pigs fed the 6^ protein basal ration and 
those fed low-level vitamin E, there were numerous cells 
of erythrocytic series which contained 2 nuclei or a single, 
but lobed, nucleus". A similar abnormality was present in 
bone marrow cells from a pig fed the standard grower ration 
but was observed less frequently in pigs fed the basal 
ration and supplemented with selenium or ethoxyquin. 
They reported that "of the 4 pigs fed high-level vitamin 
E, only 1 had abnormal erythrocytic cells of this type and 
in this pig they were rare. This abnormality was noted 
in prorubricytes, rubricytes and metarubricytes." These 
workers stated that "this bone marrow abnormality may be 
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an early lesion in the pathogenesis of anemia". 
Vitamin E deficiency anemia has been extensively in­
vestigated in the monkey (Dinning and Day, 1957a» 1957%; 
Pitch, 19685 Pitch ^  , 1965s Pitch and Porter, I966;  
Marvin et al., I96O; Porter et sd., I962). Dinning and 
Day (1957a, 1957b) pointed out that the earliest sign 
of vitamin E deficiency in monkeys was the development of 
anemia. This anemia was slightly macrocytic and was ac­
companied by a granulocytosis. There was an increase in 
total number of marrow cells as reflected by a marked in­
crease in bone marrow nucleic acids. Treatment with 
vitamin E brought about remission of this anemia. These 
workers concluded that vitamin E deficiency anemia was 
caused by a block in erythrocyte maturation and by in­
creased erythrocyte hemolysis. 
Porter et al. (1962) studied bene marrow smears and 
peripheral blood from vitamin E deficient monkeys. Bone 
marrow changes were characterized by the presence of many 
multinucleated erythroid precursor cells. Nuclear abnor­
malities, which were present in all stages of maturation 
of erythroid series, disappeared from the bone marrow after 
these deficient monkeys were treated with vitamin E. In 
addition, there was an increase in reticulocyte numbers. 
Bone marrow specimens were hyperplastic primarily due to 
an increase in the number of erythroid cells. No abnor­
malities were detected in myeloid cells. They concluded 
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that inadequate erythropoiesis was the primary cause of 
anemia seen in vitamin E deficient monkeys. 
Erythrocytes of vitamin E deficient monkeys have been 
shown to have a shorter life span than erythrocytes of 
vitamin E replete monkeys. Marvin et (i960) carried 
out autologous transfusion studies in vitamin E deficient 
monkeys using ^^Cr tagged erythrocytes. They reported max­
imum erythrocyte survival times ranging between 35 and 49 
days in vitamin E deficient monkeys compared to about 100 
days for maximum survival of erythrocytes from control 
monkeys. The shortened erythrocyte survival time was re­
versed following therapy with vitamin E. 
Fitch and Porter (I966)  carried out cross-transfusion 
studies using Cr-labelled erythrocytes from vitamin E 
deficient and vitamin E replete (control) monkeys. Sur­
vival of erythrocytes from vitamin E deficient monkeys 
was not improved when these cells were transfused into 
control monkeys, while erythrocytes from control monkeys 
had normal survival time when transfused into vitamin E 
deficient monkeys. These workers concluded that the 
shortened survival was due to a defect in the erythro­
cytes of vitamin E deficient monkeys and not in the cells' 
environment. They speculated that the abnormality occurred 
during the development of these cells. 
In man, a hemolytic anemia associated with vitamin E 
deficiency has been described in premature infants (Oski 
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and Bamess, I967,  I968;  Ritchie et al.. I968). This 
anemia is characterized by morphologic abnormalities in 
erythrocytes, roticulocytosis and shortened erythrocyte 
survival» These abnormalities disappear following therapy 
with vitamin E. 
Anemia has been reported in human infants suffering 
from protein-calorie malnutrition. Attempts to treat this 
anemia by improved protein nutrition alone or in combina­
tion with such therapeutic agents as folic acid, vitamin 
ascorbic acid or iron (Hanna et a l , ,  l y S S î  Majaj, I966; 
Majaj et , 1963; Sandstead ^  al., 19^5î Whitaker et al,, 
1967) have produced inconsistent results. On the other 
hand, there is remission of anemia and bone marrow abnor­
malities in infants following therapy with vitamin E 
(Majaj et al., I963;  Whitaker et al.. I967) .  
Anemia associated with vitamin E deficiency in the 
chick was reported by Cheville (I966). This anemia was 
characterized by lower than normal packed cell volume 
(PCV) and increased numbers of circulating immature erythro­
cytes. This anemia was accompanied by thrombocytosis. He 
also found bone marrow to be "hypoplastic and in severe 
cases, exhausted"» 
In man, blood viscosity increases in some pathologic 
conditions such as certain types of anemias (Dintenfass, 
1964)0 Changes in internal constituents of erythrocytes 
as well as alterations in their membranes significantly 
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influence the viscosity of blood (Dintenfass, I966). One 
of the prevailing concepts regarding the functions of 
selenium and vitamin E is that these two micronutrients in­
sure the stability and integrity of biological membranes» 
Blood viscosity of selenium-vitamin E deficient pigs has 
not been reported. 
Previous reports (Ewan and Wastell, 1970; Grant, I96I;  
Mahan et al., 1973; Piper et al., 1975; Tollersrud and 
Nafstad, 1970; Van Vleet et , 1975) have associated 
increased activity of serum or plasma glutamic oxaloacetic 
transaminase with lesions of selenium and/or vitamin E 
deficiency in swine. 
Significant increases in activity levels of serum 
glutamic pyruvate transaminase (GPT), lactic acid dehydro­
genase (LDH) (Ewan and Wastell, 1970 ; Ruth and Van Vlee% 197^5 
Tollersrud and Nafstad; 1970); ornithine carbamyl trans­
ferase (OCT) (Michel et al., I969), creatine phosphokinase 
(CPK), isocitric dehydrogenase (ICD), and alpha-hydroxy-
butyric acid dehydrogenase (HBD) (Ruth and Van Vleet, 197^) 
have been reported in swine fed diets that are deficient in 
selenium and vitamin E. Tollersrud and Nafstad (1970) 
have correlated specific morphologic lesions of vitamin 
E deficiency syndrome with changes in activity levels of 
GOT, GPT, LDH and ICD in serum. 
Delta-aminolevulinic acid dehydratase (henceforth 
referred to as aminolevulinic acid dehydratase or ALAD) 
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is the second enzyme in the heme biosynthetic pathway, 
beginning with glycine and sucoinyl-CoA. It catalyses the 
reaction in which two moles of aminolevulinic acid are 
condensed to form one mole of porphobilinogen, a precursor 
to heme and hemoproteins. This enzyme is present in 
many mammalian cells including erythrocytes. Lead poison­
ing (intoxication) leads to a disturbance of heme synthesis 
by exerting its inhibitory effect on this enzymic step 
(Gibson et al., 1955)• Consequently, the conversion of 
aminolevulinic acid to porphobilinogen is partially or 
completely inhibited. A laboratory method for assaying 
activity of this enzyme in blood was described (Burch and 
Siegel, 1971 ; Weissberg et al., 1971) and its use as a 
test for screening of lead exposure in suspect populations 
has been advocated. The enzymatic activity in blood de­
creased with increased blood lead levels (de Bruin and 
Hoolboom, 1967; Nakao et al,, I968; Weissberg ^  al., 1971). 
There is evidence that vitamin E also has a role in 
biosynthesis of heme and hemoproteins (Murty ^  al., 1970; 
Nair (1972). These workers reported a decreased 
activity of hepatic aminolevulinic acid dehydratase in 
vitamin E deficient rats. 
Only 2 studies (Nafstad, 1965; Nafstad and Nafstad, 
1968), in the literature reviewed, described a specific 
correlation between vitamin E deficiency and anemia in pigs. 
17 
The activity levels of aminolevulinic acid dehydratase 
vitamin E deficient pigs has not been reported. 
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MATERIALS AND METHODS 
Trial I 
Experimental design 
This trial included 5 litters of pigs from 5 sows, 
numbers 9262, 9510, 2300, 95I3 and 9200, provided by Swine 
Nutrition, Department of Animal Science, Iowa State Univer­
sity, Sows 9262, 9510f 2300 and 9513 had been on a low 
selenium-vitamin E diet^ for 193» 292, 306 and 315 days, 
respectively, prior to farrowing, while Sow 9200 had been 
on a standard gestation diet , The sows were moved into 
individual pens in a farrowing house just before farrowing 
and were kept on the same low selenium-vitamin E diet 
except Sow 9200 which was then fed a standard lactation 
diet^. 
Sow 9262 had a litter of 8 pigs while the other 4 
sows had 10 to 14 pigs each. 
Contained the following in percent? torula yeast 
32.0,  dextrose 59«7» soybean oil 5»0,  dl-methionine 0,1,  
vitamin premix 0.2, mineral premix 3.0. 
2 Contained the following in percent: ground yellow 
com 86,80,  soybean oil 9.50, vitamin com premix 0.50,  
calcium carbonate 1.20, dicalcium phosphate 1.^5, iodized 
salt 0,50,  trace mineral mix 0.05.  
^Contained the following in percent: ground yellow 
com 85.00,  soybean meal 12.00,  vitamin com premix 0.50,  
calcium carbonate O08O5 dicalcium phosphate I.I5, iodized 
salt 0.50,  trace mineral mix 0.05.  
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Two pigs of each litter from Sows 9510» 2300, 9513 
and 9200 were killed for necropsy examination at 1 day of 
age. 
Immediately following these initial observations, all 
remaining pigs from each of the 4 sows on low selenium-
vitamin E diet were randomly assigned to Treatment Groups 
1,2, 3 and 4 so that each treatment group contained a 
minimum of 2 and a maximum of 3 pigs from each of the 4 
litters. Pigs from Sow 9200 were assigned to Group 5-
All experimental pigs are identified by sow number, pig 
number, sex and treatment group in Table 1. 
Treatment groups were determined as follows: 
Group 1 - Doubly deficient group (10 pigs). These 
pigs were not treated with either selenium 
or vitamin Eo 
Group 2 - Vitamin E treated group (10 pigs). These 
pigs received weekly intramuscular in-
1 jections of vitamin E at the rate of 20 
lU/kg of body weight for 7 weeks starting 
at 7 days of age. 
Group 3 - Selenium treated group (9 pigs). These 
pigs received weekly intramuscular in­
jections of selenium at the rate of 0.05 
mg/kg of body weight for 7 weeks starting 
^Hoffmann-LaRoche, Inc., Nutley, N.J. 07II0.  
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Table 1. Identification of experimental animals by sow, 
Sow Number Pig Number Sex* Treatment 
9292 F 1 
9295 F 1 
9294 F 2 
9296 F 2 
9291 F 3 
9293 F 3 
9290 F 4 
9297 M 4 
9361 F 1 
9366 M 1 
9362 F 2 
9363 F 2 
9360 F 3 
9367 M 3 
9365 F 4 
9368 M 4 
952$ M 1 
9528 M 1 
9529 M 1 
9521 F 2 
9522 F 2 
9526 M 2 
9527 M 3 
9520B M 3 
9520 F 4 
9523 F 4 
ÇéO^ t ?  1 
9606 M 1 
9607 F 1 
9601 F 2 
9603 F 2 
9602b m 2 
9600 F 3 
9602 F 3 
9608 M 3 
9605 M 4 
960IB M 4 
9610 F 5 
9611 F 5 
9612 F 5 
9613 F 5 
9614 F 5 
9616 M 5 
9617 M 5 
9618 M S 
9262 
9510 
2 00 
9200 
female; M = male, 
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at 7 days of age. 
Group 4 - Selenium-vitamin E treated group (8 pigs). 
These pigs received weekly intramuscular 
injections of selenium and vitamin E at the 
rate of 0.05 mg/kg and 20 lU/kg of body 
weight respectively for 7 weeks starting 
at 7 days of age. 
Group 5 - Control group (8 pigs). These pigs were 
from the sow on standard gestation and 
lactation ration and were not treated 
with either selenium or vitamin E, They 
were categorized as normal pigs. 
Each pig received 100 mg of iron dextran intramuscu­
larly at 3 days post parturn» 
All pigs were weaned at 21 days of age at which time 
4 pigs that were net littcrmates from each of the first 
4 groups and 4 pigs from Group 5 were killed. Blood, bone 
marrow and representative tissues were taken for various 
studies to be detailed later. 
The remaining 4 pigs from Group 5 were used in Trial 
II. 
All other pigs from the first 4 groups were moved to 
a temperature-controlled housing unit and immediately 
started on the experimental diet^ deficient in selenium 
1 
Experimental ration was formulated by Dr. R.C. Ewan, 
Department of Animal Science, Iowa State University, 
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and vitamin E. The pigs were kept on this diet for 35 days, 
after which all pigs were killed for necropsy and specimen 
collection. 
Handling of pigs after weaning 
The pigs were put in Individual pens, 89 cm x 35-5 cm, 
1 pig per pen. These pens were equipped with automatic 
feeders and continuous-flow waterers. The pens had wire-
mesh bottoms and were raised above a concrete floor. The 
temperature of the concrete floor was kept constant at 
21.1 C by the radiant heat from theraostatically controlled 
circulating water and the room temperature was also Jfcept 
at 21.1 C by the air-conditioning unit. Metal trays were 
placed under the feeders to trap spilled feed. The pigs 
were fed a selenium-vitamin E deficient experimental ration. 
Ingredients and calculated analysis of this diet are listed 
below. 
Experimental ration 
Ingredients % 
Torula yeast 44.00 
Dextrose 47.20 
Lard 5-00 
DL-methionine O.50 
Chromic oxide 0.10 
Vitamin premix^ _ 0.20 
Trace mineral premix^ 3.00 
Total 100.00 
Contributed the following per kilogram of diet: 
10,400 lU vitamin A, 852 lU vitamin D2, 10 mg menadione, 
1.0 mg folic acid and 30 meg vitamin Bi2' 
^Contributed the following per kilogram of diet: 
8.9 g calcium, 1.8 g phosphorus,"88,4 mg^zinc, 0»4 mg 
molybdenum and 1.0 mg cobalt, 13"0 mg manganese, 5»0 g salt, 
6,0 mg copper, 80,4 mg iron. 
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Calculated analysis 
Protein 
Metabolizable energy 
Calcium 
Phosphorus 
Vitamin A 
Vitamin D2 
Riboflavin 
Pantothenic acid 
Niacin 
Choline 
Vitamin B12 
2 2 , 3 0 %  
2,977.00 Kcal/kg 
0.98# 
0 , 8 6 %  
10,400.00 lU/kg 
852.00 lU/kg 
22.00 mg/kg 
44.00 mg/kg 
220.00 mg/kg 
1,100,00 mg/kg 
31.00 mcg/kg 
Sampling methods 
Each pig was weighed once a week prior to treatment. 
Feed was weighed at the beginning and at the end of each 
week. Spilled feed was collected on metal trays placed 
under the feeders and weighed at the end of each week. 
Feed consumed by each pig/week was calculated as the differ­
ence between the initial and final weights minus the weight 
of spilled feed. 
JJXUtJU. DClili^_LCO ncic  vu ^ W , ,  ^  J  
intervals throughout the experimental period- The samples 
were taken from the orbital sinus using the technique 
described by Huhn et al. (I969)« Two blood samples were 
collected at each bleeding which was always done between 
7 and 8:30 A.M. EDTA-Vacutainer tubes! were used to collect 
blood for determination of packed cell volume (PCV), hemo­
globin concentration, total red blood cell (RBC) and white 
blood cell (WBC) counts- differential (WBG) counts, plasma 
•j 
Becton-Dickinson and Company, Columbus, Nebraska. 
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protein concentration, fibrinogen concentration and vis­
cosity of whole "blood• 
I  Heparinized vacutainer tubes were used to collect 
blood samples for delta-aminolevulinic acid dehydratase 
assay. These samples were kept in an ice-water bath until 
this test was performed, usually 1-2 hours later. 
Additional blood samples were collected from anesthe­
tized pigs at the time of necropsy. The anterior vena 
cava instead of the orbital sinus was used as a source of 
blood to provide sufficient quantities of serum for vit­
amin E and serum glutamic oxaloacetic transaminase (SGOT) 
determinations. Blood was centrifuged at 2000 rpm for 
20 minutes. Serum was stored at -15 C. 
Bone marrow was aspirated from the proximal end of 
the femur at 1, 7, 14, 21 and 56 days of age. Samples were 
onT.HÎTiHd from the left femur at 1, 14 and <6 days and from 
the right femur at 7 and 21 days of age. Approximately 
0.3 ml of bone marrow was drawn into 20 ml disposable 
syringes. Initial samples were collected in syringes con­
taining EDTA, however the use of an anticoagulant was dis­
continued when it was found that it was not essential if 
bone marrow smears were made on glass slides immediately 
after collection. 
• j  
Becton-Dickinson and Company, Columbus, Nebraska» 
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Laboratory procedures 
Total RBC counts and total WBC counts were made in 
duplicate with the aid of a Coulter electronic cell count-
I 
er . Differential leukocyte counts were done in duplicate 
on smears stained with Wright's blood stain. One hundred 
leukocytes were counted on each slide and the number of 
nucleated erythrocytes encountered while counting 100 
leukocytes was recorded and used in calculation of correct­
ed leukocyte count. 
Packed cell volume was determined by the microhemato-
crit method. Total plasma protein and fibrinogen concen­
trations were determined with the aid of a Golberg hand 
2 
refractometer . Hemoglobin determinations were made by 
the cyanmethemoglobin method. Indices of mean corpuscular 
volume OVICV) and mean corpuscular hemoglobin concentration 
(î/IGHG) were calculated using Wintrobe's formula (Schalm 
et al., 1975). 
Bone marrow smears were stained with Wright's blood 
stain. The entire slide was scanned and visual estimates 
of the relative numbers of megakaryocytes, myeloid and 
erythroid cells were made. They were recorded as being 
increased, adequate or decreased. Visual estimates of 
1 Coulter Electronics, Inc., Hialeah, Florida. 
2 American Optical Company, Buffalo, New York, 
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relative numbers of mitotic figures in myeloid and ery-
throid cells and relative numbers of naked nuclei of the 
erythrocytic and reticulum cell series were made. They 
were indicated as being increased, normal or decreased. 
Ten high power (450X or 400 microns diameter) fields 
selected at random were examined and all multinucleated 
erythrocyte precursor cells were counted. These cells 
were classified by the stage of maturation. The number of 
multinucleated erythrocyte precursor cells that had 2, 3i 
4 and 5 or more nuclei/cell was recorded without regard 
for stage of maturation. 
Measurements of blood viscosity were made with a 
Wells-Brookfield cone and plate viscometer at 37 C. The 
tubes containing EDTA-blood were inverted several times 
to insure thorough mixing and 1.4 ml of blood was trans­
ferred to the cup (plate) in the viscometer. This blood 
was rotated at speeds from 3 to 60 rpm and the torque gen­
erated was recorded. Shear rates of blood corresponding 
to the above rotational speeds were read directly from the 
calculated range charts provided by the manufacturer. 
Shear stress on blood was calculated from the generated 
torque and the geometry conversion factor which vjas deter­
mined by using viscosity standard oils. The viscosity of 
whole blood was calculated as the ratio of shear stress to 
Brookfield Engineering Laboratories, Inc., Stoughton, 
Massachusetts. 
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the corresponding shear rate. 
The activity of delta-aminolevulinic acid dehydratase 
in swine erythrocytes was assayed by the colorimetric 
method of Burch and Siegel (1971). This is an in vitro 
method in which aminolevulinic acid dehydratase (the en­
zyme) catalyses the conversion of buffered aminolevulinic 
acid (the substrate) into porphobilinogen (the product). 
The color that develops when the product reacts with 
modified Ehrlich's reagent (an indicator) is measured 
on a spectrophotometer. Absorbancss of all test samples 
were read in a Coleman Junior Model 6/20 Spectrophoto-
meter at 555 nm and the units of enzyme activity in each 
sample were calculated. Burch and Siegel (1971) expressed 
the unit of enzyme activity as an increase in absorbance 
at 555 nm of 0.100, with a 1.0 cm li^ht path, per ml of 
erythrocytes per hour at 38 C. 
The activity of glutamic oxaloacetic transaminase was 
2 
assayed by the ultraviolet method on the BMC E system = 
Because SGOT values in the test samples were extremely 
high, accurate readings could not be made without first 
diluting the samples. Desired dilutions were achieved by 
adding serum samples ranging from O.Ol to 0.2 ml (instead 
"Coleman Instruments, Incc, Maywood, Illinois. 
2 Boehringer Mannheim Corporation, New York, New York. 
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of 0,5 ml) to 3 ml of the working solution (containing 
buffer, enzyme, coenzyme and substrate). The mixtures were 
allowed to stand for 1 minute before they were transferred 
to a cuvet and measured in a Teco meter at 366 nm. Each 
assay was continued until the reaction, recorded on the 
servo chart recorder , remained linear for at least 1 
minute. SGOT values were recorded in international units 
(lU). 
Vitamin E levels in serum samples were determined 
by the fluorometric method of Hansen and Warwick (1966) 
with slight modifications. Serum proteins were precip­
itated from the test sample by adding 2 ml of serum to 
2 ml of redistilled absolute ethyl alcohol in a glass 
centrifuge tube. A vortex mixer was used to insure 
thorough mixing. Serum tocopherol was extracted by add­
ing 5 ml of spectral grade hexane to the mixture in the 
tubes followed by thorough mixing. The mixture was centri-
fuged at 1000 g for 10 minutes. The top hexane layer 
was pipetted into a cuvet. Free tocopherol present in 
the serum sample was estimated by reading this top hexane 
layer spectrofluorometrically at 293 nm excitation and 3sO 
nm emission against a standard curve. 
Selenium content in the liver, kidney and spleen 
samples was determined by the fluorometric procedure of 
I  Boehringer Mannheim Corporation, New York, New York, 
-Boehr-inger Mannheim Corporation, New York, New York, 
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Olson (1969), on representative tissue samples which were 
homogenized and digested with nitric-perchloric acid mix­
tures , 
Necropsy, tissue collection and histologic procedures 
Necropsies were conducted immediately on pigs that 
were killed. On those pigs that died during the night, 
necropsies were performed as soon as possible and no later 
than 8 hours after death. Representative tissues were 
saved from all pigs for selenium analysis and for histo­
logic evaluation. The experiment was terminated at 56 
days of age. All surviving pigs were euthanatized with 
succinylcholine chloride and exsanguinated. Necropsies 
were performed and all body systems were examined for 
macroscopic lesions. Sections of the spleen, liver and 
kidney were stored at -15 C until they could be analyzed 
for selenium content. 
The following tissues were saved for histologic 
evaluation s 
brain adrenal gland 
lung salivary gland (mandibular) 
myocardium testicles 
liver esophagus 
spleen stomach 
skeletal muscles duodenum 
psoas 
semitendinosus jejunum 
3 emimsmbranosus 
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bone marrow mesenteric lymph node 
mandibular lymph node ileum 
pancreas spiral colon 
thyroid gland skin 
These tissues were fixed in 10^ buffered formol 
saline for a minimum of 24 hours. They were trimmed and 
prepared for sectioning by standard ethanol dehydration 
and paraffin embedding techniques. Sections were cut at 
6 microns thickness and stained with Harris hematoxylin 
and eosin Y. Selected sections were stained with the 
following special stains: Von Kossa calcium stain, Gomori's 
trichrome stain, periodic acid-Schiff stain, Gomori's 
methenamine silver nitrate, Gomori's reticulum stain, 
May-Grunwald Giemsa stain (AFIP, 1968) and Verhoeff's 
elastic stain (AFIP, i960). 
Statistical methods 
Data for blood and bone marrow values were analysed 
using the analysis of variance techniques . Where appro­
priate, a weighted analysis was computed for the missing 
data. F-values were determined iroin the cuiïiputed suiris of 
squares for the sources (sow), treatment day, treatments, 
and treatment interactions. Statistical significance was 
assigned to F-values as described by Snedecor and Cochran 
Statistical analyses were performed by Dr. D.F. Cox, 
Statistical Laboratory; Iowa State University. Ames, Iowa. 
(1967). 
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Trial II 
Experimental design 
Pigs used in this trial were provided by Swine 
Nutrition, Department of Animal Science, Iowa State Univer­
sity. These pigs, farrowed by 3 sows on a standard ges­
tation diet, were given a single intramuscular injection 
of iron dextran (100 mg/pig) at 1 day of age. 
These 3 sows were maintained on a standard lactation 
diet and the pigs were kept with the sows throughout the 
pre-weaning period. 
Five pigs of approximately equal weight were selected 
from each of the three litters at weaning (21 days of age) 
and 1 of the 5 pigs was killed for necropsy examination. 
Tilt: reiiiàiiiing '4 pigs frcm cdch litter v.'ere randomly 
assigned to Groups 6, 7» 8 and 9 so that each group con­
tained 1 pig from each of the three litters. An additional 
4 pigs from Trial I (Group 5) were randomly distributed 
among the 4 groups so that each group then consisted of 
4 three week old pigs. All the experimental pigs are 
identified in Table 2 by sow number, pig number, sex and 
treatment group. 
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Table 2. Identification of experimental animals by sow, 
pig number, sex and treatment group 
Sow Number Pig Number Sex Treatment Group 
1 9326 6 
1 9321 pb 7 
1 9320 F 8 
1 9322 M 9 
2 9350 F 6 
2 9356 F 7 
2 9351 F 8 
2 9359 M 9 
3 9507 M 6 
3 9500 F 7 
3 9502 F 8 
3 9504 M 9 
4 9614 F 6 
4 9613 F 7 
4 9611 F 8 
4 9610 F 9 
A _ _  _  
iviaie fl 
^Female. 
Treatment groups were designated as follows: 
Group 6 - Unsupplemented group. These pigs were not 
treated with either selenium or vitamin E. 
Group 7 - Vitamin E supplemented group. These pigs 
received weekly intramuscular injections 
of vitamin E at the rate of 20 lU/kg of 
body weight for 5 weeks starting at 21 days 
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of age. 
Group 8 - Selenium supplemented group. These pigs 
were given weekly intramuscular injections 
of selenium at the rate of 0.05 mg/kg of 
body weight for 5 weeks starting at 21 days 
of age. 
Group 9 - Selenium-vitamin E supplemented group. 
These pigs received weekly intramuscular 
injections of selenium and vitamin E at the 
rate of 0.05 mg/kg and 20 lu/kg of body 
weight respectively for 5 weeks starting 
at 21 days of age. 
Each pig was moved into an individual pen in a temper-
ature-controlled housing unit (as described in Trial I) and 
started immediately on a selenium-vitamin E deficient 
Hxpêrimêatal diet. 
Experimental ration. sampling methods, laboratory procedures. 
necropsy, tissue collection, histologic techniques and 
statistical methods 
The experimental ration, sampling methods, laboratory 
procedures, post mortem examination, tissue collection, 
histologic techniques and statistical methods were compar­
able in all aspects to those of Trial I, with 2 exceptions. 
Bone marrow samples were taken only at 28 and $6 days of 
age, while SGOT activity levels were determined on serum 
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samples taken at 56 days only. 
All pigs were killed at 56 days of age for necropsy 
and collection of tissue samples. 
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RESULTS 
Trial I 
Clinical signs 
Clinical signs were not observed in any of the pigs 
prior to weaning. All pigs went through periods of rest­
lessness for 2-4- days after they were weaned and moved. 
Many attempted to climb out of their pens and consumed 
little feed. 
Five of the 6 pigs from the doubly deficient group 
appeared normally active and alert throughout the trial 
including the night before they were found dead. Only 
Pig 9366 from this group had clinical signs. Initially 
this pig was very active and consumed more feed than did 
the other pigs during the first weeks of the postwean-
ing period. This was followed by a week of below average 
feed consumption and periods of reduced physical activity. 
Occasionally it was found sleeping with its snout in the 
feed trough. This pig also had difficulty in turning 
around in the pen and was reluctant to move. It became 
moriuuTid and was euthanatized on Day 55 = 
No clinical signs, other than the restlessness ob­
served during the first 2 to 4 days of the post weaning 
period, were seen in pigs of Groups 2, 3 and 4. 
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Weight gains 
Data for weekly mean body weights of different groups 
are given in Table 3. 
Table 3- Mean weights (in kg) of experimental pigs 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 1.42 1.46 1.47 1.47 
7 2.20 2 .27 2.64* 2.59* 2.25 
14 3.24 3.33 3.76* 3.92* 2.83  
21 4.48 4.70 5.12* 5.25* 3.77 
28 5.07 4 . 83  5.90 5.34 
35 7.77 6.58 8.01 6 .91 
42 14.50  8 .28 10.69 9.25 
49 15.30 10.35 13.77 12.90 
56 - 15.01 17.08 15.71 
Significant at 0.05. 
There were significant group differences with regard 
to weight gains at 7, 14 and 21 days of age. Groups 3 and 
4 gained more weight than did Groups 1 and 2 during this 
time. Weight gain depressions were observed in all treat­
ment groups the firat week after weaning (Day 21 to 28)^ 
This was followed by steady weight gains for the remainder 
of the trial period. The vitamin E treated group (Group 2) 
did not gain weight as rapidly as did Groups 3 and 4 from 
Day 21 to Day 49, but the differences in weight gains 
among all the groups were not statistically significant. 
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Mortality 
There were no deaths in Groups 2, 3 or 4 but 5 of the 
6 pigs in the doubly deficient group (Group 1) died during 
the trial period as indicated in Table 4. 
Table 4. Survival times of the doubly deficient group 
Pig # Age (in days) at death 
9528 25 
9523 28 
9604 32 
9606 39 
9295 40 
9366 55^ 
billed when moribund. 
Hematologic observations 
Erythrocyte values Data for mean erythrocyte values 
of all treatment groups are summarized in Tables 5 through 
9. Mean values of total red cell counts, packed cell 
volume and hemoglobin were within acceptable normal limits 
for pigs of each age group. The values were low in all 
groups soon after birth but they began to rise and were 
highest at 21 or 28 days of age. 
Red cell indices (MOV and MCHC) of all experimental 
pigs remained within acceptable normal limits throughout 
the trial period. 
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Table 5» Mean packed cell volume (in io) 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 31.70 31.60 32.80 30.80 32.13 
7 35.60 35.80 36.78 35.10 32.63 
14- 37.10 37.00 37.44 36.30 33.75 
21 38.00 40.00 39.20 40.10 
28 39.20 40.50  42.30 40.80 
35 36.00 34.00 36.30 34.00 
42 34.00 36.83 37.00 36.50 
49 41.00 35.00 36.80 35.00 
56 - 37.50 38.00 37.30 
Table 6. Mean hemoglobin concentration (in gm 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 10.53 10.07 9.68 9.76 9.78 
7 10.46 10.14 10:86 10,39 9.51 
14 11.13 11.06 11.07 11.04 9.54 
21 11.31 12.27 12.44 12.23 
28 12.16 12.53 13.58 12.13 
35 11.23 10.60 11.28 11.58 
42 10.70 11.60 11.50 11.25 
49 11.80 11.38 11.60 11.20 
56 - 11.90 12,20 11.90 
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Table 7. Mean total red blood cell counts (x 10^/cu mm) 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 5.24 5.22 5.30 4.78 4.83 
7 5.39 5.29 5.27 5.40 5.04 
14 5.85 5.64 5.68 5.64 4.66 
21 5.89 6.18 6 .00 6.44 
28 7.42 7.33 7.35 7.09 
35 6.91 6.74 7.15 6.46 
42 6.12 6.21 6.89 6.80 
49 7.12 6.28 6.50 6.52 
56 - 5.39 6.41 6.59 
Table 8. Average mean corpuscular volume (in io) 
Days Group 
Age 12345 
1 61.30 60.81 59=52 63.60 66,71 
7  66.39 68.21 70.30 65.41 65.05 
14 63.54 66.23 66.26 64.25 73.96 
21 65.62 66.07 67.21 63.57 
28 54=60 43:4? 57=44 58=18 
35 51.88 50,50 51 .41 52,69 
55.56 60.09 54.57 53.36 
49 57.62 56.67 57.26 54 .41 
56 -  71.94 60.27 57.86 
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Table 9« Average mean corpuscular hemoglobin concentration 
(in io) 
Days 
of 
Age 1 2  
Group 
3 4 5 
1 33.39 31.90 31.09 32.52 30.54 
7 29.38 28.39 29.54 29.54 29.18 
14 28.89 29.81 29.51 30.32 28.24 
21 30.99 30.69 31.92 30.37 
28 31.12 31.49 32.13 30.00 
35 31.12 31.26 31.18 33.78 
42 31.47 31.49 31.15 30.76 
49 28.78 32.59 31.57 31,94 
56 - 31.83 32.19 32.12 
Total leukocyte counts Data for total leukocyte 
numbers and absolute differential leukocyte numbers for 
all treatment groups are summarized in Tables 10 through 
16 as weekly group means. 
At Day 1 the total leukocyte numbers were lower than 
at any other time during the trial. This was followed by 
a gradual, sustained increase in the numbers of leukocytes 
in all groups but the counts remained within the normal 
range thi-oughout the trial. 
Neutrophils constituted approximately 60 to 64^ and 
lymphocytes represented about 30 to 3^ of the total 
leukocyte numbers at Day 1. Although an increase in num­
bers of both cell types v/as noted in subsequent weekly 
blood samples, there was a greater increase in lymphocyte 
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than in neutrophil numbers. 
Eosinophils and monocytes were present in small num­
bers in all groups. Their numbers increased with increas­
ing total leukocyte numbers but their relative percentages 
remained unchanged. Small numbers of basophils were oc­
casionally found in blood smears of all experimental pigs. 
Although there was considerable variation in the 
total numbers of various cell types among individual pigs, 
weekly means did not differ significantly among groups. 
Table 10. Mean total^ leukocyte numbers/ cubic mm 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 6252.6  6568.8 6360.0  5749.0 4568.5  
7 9742.0 10477.6 11048.1 10269.0  7548.0 
Ik  11580.7  9643.7 11535.2 9084.0 9328.5 
21 9338.2 7819.6 9286.7  8895.4 10436.9 
28 14278.2 16740.6 15486.5 11783.3 
35 13460.7 17579.2 22800.0  18794.1 
42 13900.0 13052.7  i8 i50.0  17628.9  
49 20497.5 20361.3  i8 i50.0  17628.9 
56 - 18587.7  15259.8 17025.6 
^Corrected for nucleated erythrocytes. 
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Table 11. Mean segmented neutrophil numbers/cubic mm 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 3978.5 4240.8 3993.0 3600.6  2069.5  
7 . 4788.2 4505.3 4867.8 4088.1 3161.1  
14 5031.8  3804.5 4466,4 3412.9 4256.6  
21 3861.3  2506.2  3462.1 3174.8 4494.1  
28 6924.9  8266.5  7020.0  5282.2  
35 5204.7 8424.0 12027.0  8716.7  
42 6394.0  4590.6 6590.3 7203.6 
49 12913.4 9518.9 9075.0  7197.9 
56 - 9015.0  6612.9 6611.0  
Table 12. Mean band neutrophils/cubic mm 
Days 
or 
Age 1 2 
Group 
3 4 5 
1 208.7 168.2 118.3 93.7 145.7  
7 175.4 209.6  319.2  193.1 47.6  
14 127.4 135.0 128.0  103.6  262.1  
21 88.7  101.7  118.9 128.9  84.5 
26 71.4 272.9 4 0 a 0 0 c to. n • / 
35 67.3 410.2 314.6  187.9 
42 139.0  206.2  373.1  445.3  
49 0.0 509.0 302.4 382.5  
56 - 255.6 126.7  170.3  
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Table I3. Mean lymphocyte numbers/cubic mm 
Days 
of 
Age 1 z 
GrouTD 
3 4 5 
1 1821.1 2085.6  2071.2  1994.3 2247.2 
7 4617.7 5526.9 5627.9 5827.9 4217.8 
14 6172.5 5506.6  6697.3 5417.7 4536.4 
21 5154.7 4961.6  5473.6 5448.5 5551.4 
28 6782.1 7909.9  7898.1 6186.2 
35 7739.9 8379.4 9576.0 9350.0 
42 7089.0 7151.7 10570.9  10478.0  
49 7584.1 9789.7 8I07.6 9784.1 
56 - 7245.5 8113.6 9704.6 
Table 14, Mean eosinophil numbers/cubic mm 
Days 
r\ +' 
Age 1 2  
GrouTD 
3 4 5 
1 27.4 16.4 22.9 28.7 22.8 
7 43.8  89.5 74:0 57.5 56.6  
14 121.6  130.2  115.3  39.1 93.3 
21 130.7  89.9 103.1  56.0  188.9 
28 321.3  83.7 103.8 235.7 
35 291.6 205.0 371.6 259.4 
42 69.5 130.5 513.0 305.0 
49 0.0  118.1 484.6 146.3 
56 - 371.8 305.2 255.4 
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Table 15» Mean monocyte numbers/cubic mm 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 62.5 49.3 68.0  32.2  82.7 
7 107.2 136.2  117.1  108.9 66.4 
14 121.6  62.7 135.0  109.9  168.8  
21 74.7 78.2 98.0  83.6 104,4 
28 178.5 209.3  103.8  0.0 
35 67.3 161.0  485.6 281.9  
42 208.5 108.3  279.8  258.2 
49 0.0 423.5 181.5 118.1  
56 - 210.0  76.3  199.2 
Table 16. Mean absolute basophil numbers/cubic mm 
Days GrouT) 
ul 
Age 1 2 3 4 5 
1 7.2 0.0  13.4 7.2 5.9  
7 0.0  10.5 36.8 6.2  0 .0  
14 5.8 0.0 6.4 0.0  12.1  
21 18.7 3.9  15.8 5.3  13.6  
28 0.0 0.0  26 = 3  0 .0  
35 44.7 
0
 
0
 29.6 0.0  
42 0.0  43.1  210.8 23.4 
49 0.0  0 .0  0.0 0 . 0  
56 - 46.5 25.3 85.1  
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Viscosity values 
Weekly mean values of the whole "blood viscosity 
determined at shear rates of 450, 225» 90» 45 and 22o5 
A 
sec" respectively are summarized in Tables 1? through 21. 
The viscosity of whole blood was lower at high rates 
of shear than at low rates of shear in all treatment groups. 
-1 
At high rates of shear (450 and 225 sec" ), there was 
a slight but steady rise in viscosity values from Day 1 
to Day 28 followed by a slight decline in all groups. 
This trend was less noticeable at low rates of shear (45 
and 22.5 sec" ). There were no significant differences 
with regard to blood viscosity values among all treatment 
groups, 
Table 1?. Mean viscosity (in centipoises) of whole blood 
at shear rate 450 sec"! 
Days 
of 
Age 1 2  
uroud 
3 k 5 
1 2.79 2.88 2 .98 2.75 2 = 81  
7 2.92 2.96 3.29 2.76 2.73 
14 2.97 2.94 2.99 2.93 2.80 
21 o n e  3i05 3,19 3.11 3.09 
28 3 .60 3.60 3.63 3.68 
35 3.10 2 .98 3.03 3.03 
42 2.90 2.98 3.18 3 .08 
49 2.80 3.05 3.05 3 »08 
56 - 3.07 3.15 3 = 08  
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Table 18. Mean viscosity (in centipoises) of whole blood 
at shear rate 225 sec"^ 
Days Grow 
of 
Age 1 2 3  4  5  
1  3 .10 3 .18 3 .23 3 .21 3.05 
7 3 .08 3 .18 3 .50 3 .01 2.90 
14 3 .24 3 .18 3 .23 3 .13 3.05 
21 3 .30 3 .27 3 .50 3 .35 3 .18 
28 3.94 4 .48 4.03  3 .93 
35 , 3 .40 3 .38 3 .35 3 .33 
42 3 .20 3.26 3.35 3 .38 
49 3 .10 3 .38 3 .30 3 .28 
56 - 3.32 3 .43 3 .38 
Table 19.  Mean viscosity (in centipoises) of whole blood 
at shear rate 90 sec-1 
Days 
of 
Age 1 2  
Group 
3 4  5  
1  3 .60 3 .82 3 .75 3.63 3.74 
7 3.60 3.82 4 .10 3 .59 3 .36 
14 4 .20 3 .79 3 .84 3 .73 3 .49 
2i 3.94 5 .97 4 .22 f 1 r \  r* 0 u;; 0 £.r\ 
28 5.02 5 .27 4 .90 4.83 
35 3 .93 3 .98 4 .00 3.90 
42 3 .90 3 .83 3 .95 3.95 
49 3 .60 4 .03 3 .85 3.85 
56 - 3.82 4 .10 3.93 
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Table 20. Mean viscosity (in centipoises) of whole blood 
at shear rate ^5 sec-1 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 4.24 4.46 4.51 4.33 4.40 
7 4.27 4.42 4.98 4.29 4.09 
14 5.28 4.67 4.64 4.52 4.09 
21 4.76 4.81 5.31 4.89 4.46 
28 5.74 6.27 6 .05 5.38 
35 4.53 4.65 4 .60 4.38 
42 4.70 4.58 4.73 4.73 
49 4.00 4.67 4 .38 4 .63 
56 - 4.25 4.75 4.60 
Table 21. Mean viscosity (in centipoises) 
at shear rate 22.5 sec-1 
of whole blood 
Days 
of 
Age 1 2 
Group 
3 4 5 
1 5.34 5.38 5.53 5.30 4.50 
7 5.13 5.44 6.00 5.53 4.84 
14 5»85 5.24 5.55 5.32 4.78 
21 5.29 5.74 Ô.61 5.90 5.U3 
28 6.92 6.32 7.03 6.50 
35 5.43 5.25 5.18 5.60 
42 4.40 5.17 5.55 5.48 
49 4 = 40 5 = 48 5.00 5.18 
56 - 5.05 5.78 5.33 
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Aminolevulinic acid dehydratase (ALAD) activity in erythro­
cytes of selenium-vitamin E deficient -pigs 
Weekly means of ALAD activity in erythrocytes of all 
treatment groups are sumraarized in Table 22. 
Table 22. Mean aminolevulinic acid dehydratase (ALAD) 
activity^ in erythrocytes 
Days 
of 
Age 1 2 
GrouT) 
3 4 5 
1 107.41 109.55 104.69  116.96 128.96 
7 156.20 156.96 177.12 161.87 233.26 
14 i89 .03 192.23 208.96 195.70 350.39 
21 210.10 218.87 227.74 204.00 335.88 
28 175.22 257.83 197.20 213.85 
35 205.13 207.73 169.38 211.00 
42 194.00 166.91 156.54 175.31 
49 179.90 147.60 131.72 139.32 
56 - 144.96 107.54 110.28 
The unit of enzyme activity is expressed as an in­
crease in absorbance at 555 nm of 0.100 with a 1.0 cm 
light path, per ml of erythrocytes per hour, at 38 C. 
There were no significant differences in the activity 
levels of this enzyme among Groups 1, 2, 3 and 4. However, 
weekly group means of ALAD activity indicated a definite 
pattern. Its activity, which was low at 1 day of age in 
all groups, steadily rose and attained a maximum at Day 21 
for Groups 1 and 3» and at 28 days for Groups 2 and 4. The 
acxivixy levels of xh^s enzyme were consistently higher 
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in Group 5 pigs than in Groups 1, 2, 3 and 4 during the 
preweaning period. 
SGOT values 
Data for SGOT activity levels are summarized as group 
means in Table 23. SGOT values for Group 5 are listed in 
the table but were not included in statistical analysis. 
SGOT values were significantly higher (P/CO.O^) in 
Group 1 than in Groups 2 and 4 at 21 and 56 days of age. 
The values in Group 3 were lower than those in Group 1 
but were higher than those in Groups 2 and 4. 
Table 23. Mean SGOT values (in lU) 
Days 
of 
Age 1 2 
Group 
3 4 5 
Z1  99.13 ^0 0 CO K  K  O A  '10 «CO vR _ nn 
56 444.00& 53.50 96,50 82.25 -
^Value of 1 pig killed at 55 days of age. All other 
values are means of 4 pigs per group. 
Plasma proteins and fibrinogen concentrations 
Weekly means of plasma protein and fibrinogen concen­
trations are summarized in Tables 24 and 25. 
At Day 1, plasma protein concentration ranged between 
5.62 and 6.10 gm ^  in all treatment groups. The levels 
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were slightly decreased in subsequent weekly samples. At 
no time during the trial were plasma protein concentrations 
in Groups 2, 3>  4 or 5 below 4.7 gm fo .  
Initial plasma fibrinogen levels were low in Groups 
1 and 2 (0.16 and 0.11 gm ^  respectively) as indicated in 
Table 25. The levels were higher in subsequent weekly 
samples except for Group 3 at Day 42 (0.15 gm fo) and Group 
4 at Day 14 (0,17 gm 0). However, both the lowest and the 
highest levels were within the reported range of normal 
values. 
There were no significant differences among groups 
with regard to changes in plasma protein or plasma fibrin­
ogen concentrations. 
Table 24. Mean plasma protein concentration (in gm %) 
1  
of 
Age 1 2 3 4 5 
1 5.78 5.62 5.95 6.10 6,08 
7 5.39 5.61 5.62 5.44 5.70 
14 5.15 5.18 5.26 5.33 5.48 
21 5.21 5.18 5.62 5.18 5.68 
28 5.64 5.40 5.48 5.30 
35 4.80 4.90 5.02 4.70 
42 5.00 5.15 5.07 5.10 
49 3.80 4.82 4.90 4.88 
56 = 5.27 5.25 5.00 
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Table 25. Mean plasma fibrinogen concentration (in gm %) 
Days Group 
of 
Age 1  2  3 4 5 
1  0.16 0 .19  0 .11  0 .21  0.25 
7 0 .20  0 .26  0 .22  0 .23  0 .33  
14 0.20 0 .20  0.19 0.17 0 .19  
21  0 .23  0.21 0 .26  0.25 0 .25  
28 0 .26  0 .23  0.23 0.23 
35 0.20 0.27 0 .20  0.23 
42 0.20 0.25 0.15 0 .20  
49 0 .20  0 .20  0 .20  0 .20  
56 - 0.27 G. 23  0.25 
Bone marrow changes 
Bone marrow smears from experimental pigs were evalu­
ated with special emphasis on changes in cells of the 
erythrocytic series. In addition, the following were 
estimated; relative numusrs of nckcd nuclei of eryT.hmnytic 
and reticulum cell series, mitotic activity in cells of 
myeloid series, and relative numbers of megakaryocytes. 
Binucleated erythrocyte precursor cells were seen in 
bone marrov; smears from 44 out of 49 pigs. These cells 
were less numerous in samples taken at Day 1 than in 
samples taken at 21 and 56 days of age as shown in Tables 
26 ,  27 and 28 .  
Multinucleated erythrocyte precursor cells contain­
ing 3 or 4 nuclei (Figures 1 and 2) were frequently found in 
bone marrow samples taken at 21 and 56 days of age from 
Figure 1. Bone marrow impression smear. Pig 96o4 from 
the doubly deficient group, Trial I. Two 
multinucleated erythrocyte precursor cells 
with 3 and 5 nuclei. Wright's blood staino 
X 512 
Figure 2. Bone marrow impression smear. Pig 9293 from 
the selenium treated group, Trial I. Note a 
multinucleated erythrocyte precursor cell with 
3 nuclei. Wright's blood stain. X 400 
Figure 3» Bone marrow impression smear. Pig 9606 from 
the doubly deficient group, Trial I. Note a 
multinucleated erythrocyte precursor cell 
(center) with 5 nuclei/cell, Wright's blood 
stain, X 480 
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the doubly deficient pigs. Similar cells were consistently 
present but were less numerous in bone marrows from the 
selenium treated pigs. These cells were infrequently seen 
in vitamin E or selenium-vitamin E treated pigs and were 
not found in marrow smears taken from normal control 
(Group 5) pigs at 21 days. Erythrocyte precursor cells 
with 5 or more nuclei (Figures 1 and 3) were found only 
in bone marrow smears from the doubly deficient and selen­
ium treated groups. 
Multinucleation was observed in prorubricytes, rub-
ricytes and metarubricytes regardless of treatment groups 
but the cells containing k or more nuclei were primarily 
prorubricytes and rubricytes. 
Table 26. Mean distribution^ of multinucleated erythrocyte 
precursor cells in bone marrows of 1 day-old 
X ) X k S  
Nuclei 
per 
Cell 1 2  
Group 
3 4 5 
2 2.10 2.20 3 .22  5.43 2.40 
3 0.20 0.00 0.44 0 .71  0.20 
4 O.lO 0.00 0.00 0 .29  0.00 
5 or more 0.00 0.00 0.00 0.00 0.00 
â Numbers of cells counted from 10 random high power 
C+SOX) fields (each field had an area of approximately 
0.13 mm2). 
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Table 27. Mean distribution^ of multinucleated erythrocyte 
precursor cells in bone marrows of 21 day-old 
pigs 
Nuclei 
per 
Cell 1  2  
GrouD 
3 4 5 
2  11 .80  7.78 10 .89  9.57 8 .00  
3 5 .10**  0 .11  2 .11*  0 .10  0 .10  
4 1.40* 0.44 0.44 0.14 0 .00  
5 or more 0 .30  0.00 0.22 0 .00  0 .00  
dumber of cells counted from 10 random high power 
(45OX) fields (each field had an area of approximately 
0 .13  mm2) .  
•Significant at P^O.05. 
••Significant at P<0.01. 
Table 28, Mean distribution^ of multinucleated erythrocyte 
precursor cells in bone marrows of 56 day-old 
pigs 
Nuclei Group 
per 
Cell 1% 2 1 4 
2  12.00 15 .50  16 .00  10 .25  
3 5.00 0 .83  2.75 0 .50  
4 3.00 0 .33  1 .25  0 .00  
5 or more 0.00 0.00 0 .00  0 .00  
Numbers of cells counted from 10 random high power 
(450a) fields (each field had an area of approximately 
0,13 mm2)„ 
Group 1 values represent cells counted in bone marrow 
of Pig 9366 which was killed at 55 days of age, and are in­
cluded for comparative purposes only with values at 56 days 
from other groups. All other pigs from this group died 
during the trial period. 
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The numbers of naked nuclei of the erythrocytic and 
reticulum cell series were not increased in any of the 
treatment groups. Cells of the myeloid series had no in­
crease in mitotic activity and displayed no multinucleation. 
Megakaryocytes were present in all bone marrow smears in 
approximate equal numbers. 
Serum vitamin E levels 
Results of serum vitamin E levels are summarized in 
Table 29 as group means. 
Table 29• Mean serum vitamin E levels (in mg fo) 
Days 
of 
Age 1  2  
Group 
3 4 5 
21  0.252 0,468 0.344 0 .567  0 .431  
5Ô 0 0171  r\ or> f r\ 1 nn ^ f f (J _ 266 -
Vitamin E levels were higher in Groups 2 and 4 than 
in Groups 1 and 3 at 21 and $6 days of age. In all groups, 
the levels were higher at 21 than at 5- days of age. Group 
5 (normal control) had slightly lower vitamin E levels than 
either Group 2 or 4. 
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Tissue selenium levels 
Data for selenium content in the kidney, liver and 
spleen (in parts per million) are listed for each pig in 
Table 30, 
Table 30. Tissue selenium content (in ppm) 
Survival 
Group Pig # Days Kidney Liver Spleen 
1 9295 40 D^ O. 38o8  0 .0305  0.0482 
1 9292 21 Kb 0.3744 0.0741 0 .0885  
1 9366 55 K 0. 2893  0. 0325  0.0354 
1 9525 28 D 0.4235 0.0937 0 .1202  
1 9604 32 D 0.2934 0.0400 0.0274 
1 9606  39 D 0 .2630  0 .0313  0.0402 
2 9294 56 K 0.204? 0 .0311  0.0309 
2  9363 21 K 0.1910 0 .0155  0.0208 
2 9521 56 K 0.2997 0 .0293  0.0300 
2 9601 56 K 0.1773 0.0241 0.0309 
3 9291  21 K 0.8143 0.2281 0.1131 
3 9293  56 K 10lloO 0 01786 0,1373 
3 9520B 56 K 0.8500 0.1880 0.1715 
3 9602 56 K 1.4003 0.2587 0.2519 
4 9290 21 K 0.9932 0 .3855  0, 1097  
4 9368 56 K 1.0585 0 .2057  0 .1631  
4 9520 56 K 0.9311 0 .2283  0 .1324  
4 9605 56 K 0.8920 0.1938 0 .1270  
- 9354c 21 K 1.1910 0.4081 0.2557 
^ied. 
billed. 
^Normal. 
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Groups 1 and 2 had lower selenium levels than Groups 
3 and 4 in all the 3 tissues. Of the 3 tissues, the kid­
ney had the highest concentration of selenium. 
Macroscopic and microscopic lesions in the new born and 
2 week old pigs 
No macroscopic lesions were observed in the newborn 
at the time of necropsy. On histologic examination, small 
amounts of hemosiderin were found in sinusoidal cells of 
mandibular and mesenteric lymph nodes of 2 pigs. Both 
pigs were from the litter farrowed by Sow 9200 which was 
on standard gestation and lactation diets. Except for 
bone marrow changes (which were described earlier ), micro­
scopic lesions were not found in all the other tissues. 
Marked extramedullary hematopoiesis was observed in liver 
sections of all pigs killed at 1 day of age. Skeletal 
muscles (psoas, semimembranosus and semitendinosus) were 
poorly developed in all newborn pigs. In general, muscle 
fibers were thin, stained lightly with eosin and the cross 
striations were not prominent. Cardiac muscles appeared 
to be well developed. 
With the exception of bone marrow changes which were 
described earlier, lesions were not observed in tissues 
collected from pigs killed at 21 days of age. 
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Lesions in pigs fed the experimental diet deficient in 
selenium and vitamin E 
The incidence and location of lesions observed in 
weaned pigs, fed a diet deficient in selenium and vitamin 
E are summarized in Table 31. 
Heart lesions Macroscopic lesions were present 
in 4 of the 6 pigs from the doubly deficient group (Table 
31). Three of these had small amounts (approximately 10-
15 ml) of light yellow fluid in pericardial sac. This fluid 
had a high protein content (3,2 to 5'8 gm #). It clotted 
when exposed to air and contained thin fibrin strands. 
Slight mottling of the right and left ventricular myocardium 
(Figures 4 and 5) was observed in Pigs 9366, 9295 and 9^04 
of Group 1, but epicardial or endocardial hemorrhages 
wrii.cu have been described by other workers were not found. 
Histologically, multiple focal areas of myocardial 
degeneration were present in 4 pigs. These degenerative 
changes varied from acute to chronic. Acute lesions were 
characterized by scattered foci of swollen, granular and 
intensely eosinophilic muscle fibers. Subacute changes 
were characterized by pylmosis and karyolysis of more 
than 50^ of muscle nuclei. Occasionally, collections of 
macrophages, other small mononuclear cells, and remnants 
of muscle nuclei were seen in areas of muscle fiber necro­
sis and myolysis. Chronic lesions were characterized by 
Table 3I . Incidence and location of lesions 
Group 
Acute or 
Chronic 
Liver 
Lesions 
Heart 
Lesions 
Skeletal 
Muscle 
Lesions 
Gastric 
Ulcer 
Hyi)erkeratosis 
and/or 
Parakeratosis 
of Esophagus and 
N on-glandular 
Stomach 
^number of pigs with lesions, 
dumber of pigs examined. 
Subcutaneous 
Edema 
1 6  ^ ( 6 ) t  ( 6 )  5  ( 6 )  1  ( 6 )  2  ( 6 )  1  (6) 
2  0  ( 6 )  0  (6) 0  ( 6 )  1  (6) 5  (6) 0  (6) 
3  0  ( 5 )  0  ( 5 )  0 ( 5 )  1  ( 5 )  4  ( 5 )  0 ( 5 )  
4  0  ( 4 )  0  ( 4 )  0 ( 4 )  0  (4) I4. (4) 0 (4) 
Figure 4. Heart, lung and liver. Pig 9606 from the doubly 
deficient group, Trial I, Note the subtle 
mottling of the ventricular myocardium, serous 
fluid in the pleural cavity and massive hepatic 
necrosis. 
Figure 5» Heart, lung and liver. Pig 96o4 from the doubly 
deficient group, Trial I. Note the subtle 
mottling of ventricular myocardium and fluid 
in pericardial sac and thoracic cavity. 
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scattered foci of fibrotic tissue, capillary proliferation 
and remnants of supporting stroma of degenerated muscle 
fibers (Figures 6 and 7)• Vascular lesions were not ob­
served. 
Macroscopic or microscopic heart lesions were not 
observed in pigs from vitamin E treated, selenium treated, 
or selenium and vitamin E treated groups. 
Skeletal muscle lesions Skeletal muscle lesions 
were difficult to evaluate on macroscopic examination. 
However in Pig 9366 from the doubly deficient group, pale 
to light-yellow streaks were observed within most muscles 
and were quite prominent in musculature of the pelvic 
limbs. Muscle bundles were separated by the collection 
of light-yellow fluid. In Pig 9295 from the same group, 
muscles of the limbs were lighter in color than 
normal. 
Microscopic lesions of skeletal muscles (psoas, 
semitendinosus and semimembranosus) were present in 5 of 6 
doubly deficient pigs (Table 31)• The severity and extent 
of lesions varied from pig to pig. In some, scattered 
muscle fibers and muscle bundles were swollen and stained 
intensely with eosin. Many of the fibers had no recog­
nizable fibrillar structure and had lost normal cross 
striations. In other muscle fibers, the fibrils were 
still visible but were spread out. Groups of muscle fibers 
Figure 6. Myocardium from Pig 9295 of the doubly deficient 
group. Trial I, Note the fibrous tissue, 
capillary proliferation and remnants of support­
ing stroma of degenerated muscle fibers. 
Gomori's trichrome staino X 400 
Figure 7, Higher magnification of a portion of Figure 6. 
Gomori's trichrome stain. X 1000 
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without any visible lesions were often interposed between 
degenerated muscle fibers. In other muscle fibers, de­
generative changes were segmental and consisted of swollen, 
vacuolated, or granular muscle fiber fragments, and clumps 
of degenerated fibrils and sarooplasm (Figure 8). There was 
an apparent increase in the concentration of muscle nuclei. 
Accumulations of large numbers of mononuclear cells (which 
probably included macrophages, fibroblasts and satellite 
cells) were invariably present in areas of severe muscle 
necrosis (Figure 9)• In many areas, 2 to 6 swollen muscle 
nuclei were centrally located and end to end in a single 
row in lightly stained muscle fibers (Figure 10). Clusters 
of muscle nuclei (resembling giant cells) as well as uni­
dentified small, dark, elongated cells were occasionally 
seen in areas of muscle degeneration (Figure 11). 
Degenerative rnAngHM in small arterioles and capil­
laries were seen only in Pig 9606 of Group 1, The walls 
of affected vessels were vacuolated and had undergone 
fibrinoid degeneration only in areas of the most severe 
muscle necrosis. 
Skeletal muscle lesions were not observed in pigs 
from vitamin E treated, selenium treated or selenium-vit­
amin E treated groups. 
Liver lesions There was considerable variation in 
macroscopic liver lesions in the doubly deficient pigs. 
Figure 8. Skeletal muscle. Pig 9525 from the doubly 
deficient group, Trial I. The arrow is on a 
swollen, vacuolated and granular muscle fiber. 
H and E stain. X 1000 
Figure 9« Skeletal muscle. Pig 9366 from the doubly de­
ficient group, Trial 1» Large numbers of mono­
nuclear cells (which probably include macro­
phages, fibroblasts and satellite cells) are 
present in areas of severe muscle fiber nscroais. 
H and E stain= X 400 

Figure 10. Skeletal muscle. Pig 9366 from the doubly 
deficient group, Trial I. There are 7 swollen 
muscle nuclei (arrow), centrally located end 
to end in a lightly stained muscle fiber. 
H and E stain. X 1000 
Figure 11. Skeletal muscle. Pig 9295 from the doubly 
deficient group, Trial I. Note clusters of 
muscle nuclei (arrows) and several round or 
elongated cells in degenerated muscle fibers. 
K and E stain. X 1,600 
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Small (1-2 cm diameter) dark red to tan necrotic foci were 
scattered over the liver surfaces of Pigs 9528 and 9525 
which died early during the trial period (Figure 12). In 
the other 4 pigs, the livers were either firms with an ir­
regular, granular surface (Figure 13) or were swollen, 
with a superficial mosaic pattern of yellowish-tan foci 
intermingled with dark red, raised or depressed areas. 
The cut surface had similar color variations. 
In acute cases, microscopic lesions varied from groups 
of congested and hemorrhagic to scattered necrotic lobules. 
Necrosis involved single or multiple hepatic lobules 
(Figures 14 and 15)» but some lobules had intact peripheral 
hepatocytes. Degenerated hepatocytes within necrotic 
lobules had acidophilic cytoplasm. Nuclear changes in 
these hepatocytes included pyknosis, karyorhexis and 
karyolysis: In other lobules there was complete lysis of 
the parenchyma and the remaining stromal tissue was filled 
with blood, histiocytes and small numbers of polymorpho­
nuclear leukocytes. 
Chronic lesions (Figure 15) were massive hepatic necro­
sis and/or extensive post necrotic scarring with marked bile 
duct hyperplasia. Frequently both types of lesions were 
present in the same liver section. Portal veins adjacent 
to necrotic lobules were often dilated and islands of hepa­
tocytes were present in large areas of fibrosis. The size 
of hepatic lobules varied tremendously (some lobules were 5 
Figure 12. Liver. 
group, 
on the 
Pig 9528 from the 
Trial I. Necrotic 
liver surface. 
doubly deficient 
foci are present 
Figure 13« Liver. Pig 9366 from the doubly deficient 
group, Trial I. Note the irregular surface. 
Fissures on the surface represent contracted 
fibrotic tissue. 
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Figure 14. Liver. Pig 9^04 from the doubly deficient 
group, Trial I, Multiple necrotic lobules 
filled with blood. H and E stain. X l6o 
Figure 1^. Liver. Pig 9606 from the doubly deficient 
group, Trial I, Note a normal lobule (A), 
and a necrotic lobule (B) filled with blood. 
There is extensive portal and interlobular 
connective tissue, H and E stain. X I60 
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times as large as the smallest lobules within the same 
liver section). Some hepatocytes had large and sometimes 
multiple nuclei. The amount of cytoplasm of hepatocytes in 
several lobules was quite variable. 
There were no liver lesions in pigs of Groups 2, 3 
and 4. 
Lesions in other tissues Icterus, subcutaneous 
edema (Figure 16) and intermuscular edema were observed in 
Pig 9366 from the doubly deficient group. In addition, 
serous effusions were present in pleural and peritoneal 
cavities of this pig. Edema was present in the mesentery 
and in abdominal fat. Serous effusions into pleural cavity 
were also present in Pigs 9528 and 9295 from the doubly 
deficient group (Figures 4 and 5)• 
™i?-cro5cop'n lesions were observed in the esophagus 
and the non-glandular portion of the stomach in approx­
imately 71?5 of all experimental pigs. Both the esophagus 
and non-glandular portion of the stomach were covered 
with white to light-grey granular material (Figure 1?)• 
Upon histologic examination, the epithelium lining 
these areas was found to have undergone extensive hjrper-
keratosis and parakeratosis. Intraepithelial pustules 
and many shallow erosions were present in these areas. 
Three pigs (Pig 9295 from the doubly deficient group, Pig 
9521 from the vitamin E treated group, and Pig 960I from 
Figure 16. Ventral abdominal wall. Pig 93^6 from the 
doubly deficient group, Trial I. Note the 
subcutaneous edema. 
Figure 17. Esophagus. Pig 9293 from the selenium treat­
ed group. Trial I, Note surface erosions and 
white to light-grey granular, material over 
the mucosal lining. 
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the selenium treated group) had esophagogastric ulcers. 
Nearly all the ulcerated and eroded areas of the 
esophagus and non-glandular portions of the stomach con­
tained large numbers of a fungus which was structurally 
suggestive of Candida sp. However, no attempt was made to 
cultivate this organism. These organisms were strongly 
colored in sections stained with Gomori's methenamin 
silver nitrate or PAS. 
Pig 9528 from the doubly deficient group had a fibrin-
onecrotic enteritis and Salmonella derby ;vas cultured from 
the intestinal lesion only. This pig had liver, myo­
cardial, and skeletal muscle lesions as previously de­
scribed. 
Macroscopic or microscopic lesions were not observed 
in the brain, thyroid gland, adrenal gland, pancreas, 
salivary gland; lung, kidney, spleen, lymph nodes, skin 
or testicle of any experimental pigs. 
Trial II 
Clinical signs, weight gains and mortality ratss 
The pigs were restless for 2 to 4 days after they 
were v/eaned and moved into individual pens. Several of 
these pigs attempted to climb out of the pens and the feed 
consumption in all pigs was low during the first week. 
No significant differences were observed between the 
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groups with regard to weight gains (Table 32). 
Table 32. Mean weights (in kg) of experimental pigs 
Days 
of 
Age 6 
GrouD 
7 8 9 
28 4.46 4.51 4.45 4.60 
35 6.45 6.14 6.37 6.68 
42 8.71 8,23 8.22 8.83 
49 12.47 10.90 10.52 11.07 
56 14.45 14.04 13.71 13.99 
Unlike Trial I in which several deaths occurred in 
the doubly deficient group, only Pig 9^14 from the un-
supplemented group (Group 6) in this trial died. All 
other pigs were killed at the end of the trial period. 
Hematologic observa Lloiik, 
Erythrocyte values Packed cell volume (PCV), 
hemoglobin (Hb) concentrations,- total red blood cell (RBC) 
counts, mean corpuscular volumes (MCV) and mean corpuscu­
lar hemoglobin concentrations (MCHC) are summarized in 
Tables 33 through 37 as weekly group means for all treat­
ment groups. 
The highest mean values of PCV, Hb and RBC in all 
groups were recorded at Day 28 (7 days postweaning). 
There was a marked decrease in these values at Day 35 
followed by a slight increase on subsequent sampling days. 
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At no time during the trial did the mean values fall below 
the reported normal Values for pigs of this age group. 
Group means of red blood cell indices (MCV and MCHC) 
were comparable in all groups and were within the reported 
normal ranges. 
Table 33, Mean packed cell volume (in 
Days Group 
of 
Age 6 7 8 9 
28 40.0 39.3 39.0 36.8 
35 31.0 34.8 32.8 31.0 
42 34.5 34.5 3608 35.3 
49 33.0 33.3 34.3 34.8 
56 35.0- 35.3 35.8 37.5 
Table 3^» Mean hemoglobin concentration (in gm 
Days 
of 
Age 6 
Group 
7 8 9 
28 12.18 12.13 11.63 11.60 
9,73 11.20 10,10 10.25 
42 10.70 10.70 11.48 10.95 
49 10.33 10.40 11.20 11.25 
56 10.93 11.63 11.50 11.85 
82 
Table 35. Mean total red blood cell counts (x lO^/cu mm) 
Days Group 
of 
Age 6 7 8 9 
28 6.82 6.79 7.00 7.12 
35 5.96 7.06 6.22 6.19 
42 6.04 5.91 6.53 6.59 
49 6.16 6.08 6.83 7.72 
56 6.84 5.66 6.45 6.37 
Table 36.  Average mean corpusci liar volume (in fo) 
Days 
of 
Age 6 7 
Group 
8 9 
28 58.67 58.73 55.71 53.28 
35 51.97 50.00 52.58 50.16 
42 57.54 58.89 56.88 53.91 
49 53.04 54.87 50.58 45.64 
56 51.57 63.55 55 = 61 59.77 
Table 37" Average mean corpuscular hemoglobin concentration 
(in fo) 
Days 
of 
Age 6 
Group 
7 8 9 
28 30.54 30.97 29.95 31.62 
35 31.41 32.36 30.78 33.12 
42 31.03 31.18 31.21 31.00 
49 31.32 31.42 32.66 32.39 
56 31.27 33.07 32.23 31.62 
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Total leukocyte counts Detailed results of total 
leukocytes and differential leukocyte numbers for the 
treatment groups are summarized in Tables 38 through 44. 
Although the total leukocyte count was consistently 
higher in Group 8 than in Groups 6, 7 and 9, the leuko­
cyte response pattern was similar in all the groups. 
Transient increases in the total leukocytes were noted at 
Days 35 and 49 while slight decreases were detectable in 
all groups at Days 42 and 56. 
Much higher elevations in absolute neutrophil numbers 
were detected in Groups 6 and 8 than in Groups 7 and 9 at 
35, 42 and 49 days of age. Changes in the total numbers 
of immature (band) neutrophils were minimal among all 
groups. 
Although the absolute eosinophil numbers in all groups 
were v/ithin the normal range; these cells were usually 
present in greater numbers in Groups 6 and 8 than in 
Groups 7 and 9- Very small numbers of basophils were 
found in Groups 7» 8 and 9. 
Minor fluctuations in lymphocytes and monocytes 
occurred in all groups. However, absolute numbers for 
these cell types were within reported normal ranges. No 
nuclear or cytoplasmic abnormalities were detected in any 
of the leukocytes. 
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Table 38.  Mean total^ leukocyte numbers/cubic mm 
Days Group 
of 
Age 6 7 8 9 
28 11582.5 11641.6 15956.0 12168.3 
35 15937.2 15338.1 19365.6 13541.0 
42 14660.3 14110.0 16623.9 14893.8 • 
49 17905.3 16623.1 i88i7.7 16967.7 
56 13859.8 13966.3 14866.5 10239.8 
Corrected for nucleated erythrocytes. 
Table 39. Mean segmented neutrophil numbers/cubic mm 
Days Group 
of 
Age 6 7 8 9 
28 4401.3 4269.0 6940.9 4521.7 
35 7849.1 5733.4 10409.0 5924.2 
42 6548.3 4515.2 78i3.2 6676.9 
49 8818.4 8685.6 11337.7 7847.6 
56 4954.9 5970.6 4683.0 3276.y 
Table 40, Mean band neutrophils/cubic mm 
Days Group 
of 
Age 6 7 0 9 
28 251.3 116.4 239.3 222.7 
35 239.1 250.0 315.7 270.8 
42 
00 
163.7 192.8 198.1 
49 268.6 540.3 282.3 381.8 
56 381.4 244.4 260.2 51.2 
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Table 41, Mean lymphocyte numbers/cubic mm 
Days 
of 
Age 6 
Group 
7 8 9 
28 6575.4 7081,6 8404.0 6996.8 
35 7430.7 9011.1 8182.0 6939.8 
42 7941,0 9076.9 8117.5 7570.5 
49 8191.7 6940 c 2 6821.4 8186.9 
56 7311.0 7437.1 9217.3 6783.8 
Table 42. Mean eosinophil numbers/cubic mm 
Days 
of 
Age 6 
Grout) 
7 8 9 
28 154.1 135.0 132.4 19.5 
35 199.2 135.0 242.1 220.7 
42 97.7 187.7 276.0 370.0 
49 492.4 83.7 282.3 297.0 
56 346.5 174,6 ig  
Table 43. Mean monocyte numbers/cubic mm 
Da'"'S 
oF 
Age 6 
Group 
7 8 9 
28 96.5 38.4 239.3 80.3 
35 219.1 211.7 145.2 169.3 
42 24.4 93.1 192 = 8  98.3 
49 134.3 374.0 94.1 254.5 
56 242.6 139.7 148.7 25.6 
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Table #, Mean basophil numbers/cubic mm 
Days Group 
of 
Age 6 7 8 9 
28 0.00 0.00 0.00 0.00 
35 0.00 0.00 73.60 17.60 
42 0.00 70.60 26.60 0.00 
49 0.00 0.00 0.00 0.00 
56 0.00 0.00 0.00 0.00 
Viscosity values 
Data for mean viscosity values of whole blood deter­
mined at different rates of shear are summarized in Tables 
45 through 49. 
Maximum viscosity values of whole blood occurred at 
28 days of age in all groups. Group 6 had slightly higher 
values thaii uther groups at 28 dayc of age. This y/as 
followed by a slight decline and a leveling off of the 
viscosity values in all groups in subsequent weekly samples. 
Mean viscosity values of whole blood at a given rate of 
shear did not vary significantly among groups. 
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Table 4$. Mean viscosity (in centipoises) of whole blood 
at shear rate of 450 sec-1 
Days Group 
of 
Age 6 7 8 9 
28 3.35 3.28 3.12 3.28 
35 2.88 3.08 3.08 2.92 
42 2.92 2.85 3.12 2.98 
49 2.77 2.78 3.10 3.00 
56 2.87 3.22 3.00 2.95 
Table 46. Mean viscosity (in centipoi 
at shear rate of 225 sec~^ 
Lses) of whole blood 
Days 
of 
Age 6 
Group 
7 8 9 
28 3.65 3.52 3.35 3.55 
35 3.02 3.30 3.22 3.10 
42 3.18 3.20 3.40 3.22 
49 2.97 3.00 3.26 3.10 
56 3.03 3.50 0 1 0 J • U.L/ 3 • 22 
Table 47. Mean viscosity 
at shear rate i 
(in centipoises) of 
of 90 sec-l 
whole blood 
Days 
of 
Age 
Group 
6 7 8 9 
28 5.30 4.98 4.88 4.92 
35 4.15 4.78 4.60 4.25 
42 4.32 4.22 4.68 4.32 
49 3.50 4.00  4.48 4.42 
56 3.83 4.72 4.30 4.38 
88 
Table 48, Mean viscosity (in centipoises) 
at shear rate of 45 sec"^ 
of whole blood 
Days 
of 
Age 6 
Group 
7 8 9 
28 5.30 4.98 4.88 4.92 
35 4.15 4.78 4.60 4.25 
42 4.32 4.22 4.68 4.32 
49 3.50 4.00 4.48 4.42 
56 3.83 4.72 4.30 4,38 
Table 49, Mean viscosity (in centipoises) 
at shear rate of 22.5 sec"^ 
of. whole blood 
Days 
of 
Age 6 
Group 
7 8 9 
28 6,60 6.05 5.82 5.75 
35 4.48 5.28 5.00 4.98 
42 4.85 4.62 5.40 5.05 
49 4.30 4.45 4.80 4=70 
56 4.53 5.52 5.00 4.88 
Aminolevulinic acid dehydratase (ALAD) activity in erythro­
cytes of selenium-vitamin E deficient pigs 
Data for ALAD activity levels are summarized as week­
ly group means in Table 50• 
The greatest activity of this enzyme was noted at 
28 days of age. Its activity steadily declined and was 
lowest at Day 56. Comparison of weekly group means indi­
cated lower enzyme activity levels in Groups 6 and 8 than 
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in Groups 7 and 9» However, these differences were not 
statistically significant. 
Table 50. Mean aminolevulinic acid dehydratase (ALAD) 
activity®- in erythrocytes 
Days 
of 
Age 6 7 
Group 
8 9 
28 174.05 193.58 167.92 213.45 
35 164.35 167.00 154.08 201.70 
42 126.07 150.41 133.50 136.01 
Uo 
• / 116=30 124.53 111.86 125.78 
56 107.98 113.23 103.87 111.81 
The unit of enzyme activity is expressed as an in­
crease in absorbance at 555 nm of 0.100 with a 1.0 cm 
light path, per ml of erythrocytes per hour, at 38 C. 
SGOT values 
Activity levels ef seruir. glutamic ox^naoR-i Vr; aolcl 
transaminase (SGOT) were determined on samples taken at 
56 days only. Results are presented as group means in 
Table 5I• 
The SGOT values in Groups 7 and 9 were higher than 
those reported for normal pigs. However, comparison of 
these values with those in Groups 6 and 8 indicated approx­
imately an 11-fold and a 3-fold increase in the activity 
of this enzyme in Groups 6 and 8 respectively. 
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Table 51. Mean SGOT values (in lU) 
Days Group 
of 
Age 6 7 8 9 
56 779.67 73.25 196.50 63.00 
Plasma protein and fibrinogen concentrations 
Results of plasma protein and fibrinogen concentra­
tions are presented in Tables 52 and 53» 
Mean concentration of plasma proteins ranged between 
5.45 and 5.63 gm ^ for all treatment groups at Day 28. The 
values were slightly lower in all subsequent weekly samples. 
However, these values were within the range of reported 
values for normal pigs. Fibrinogen levels remained with­
in the range of reported normal values throughout the 
trial period despite variations in weekly ine?.ns among gT-nur^. 
None of the changes in either plasma protein or fi­
brinogen concentrations were statistically significant. 
Table 52. Mean plasma protein concentration (in gm fo) 
Days Groim 
of 
Age 6 7 8 9 
28 5.45 5.63 5.56 5.58 
35 4.78 5.07 4.93 4.80 
42 4.90 4 = 75 5.30 5.00 
49 4.43 4.48 4.85 4.88 
56 4.83 4.98 5.23 5.20 
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Table 53» Mean fibrinogen concentration (in gm. %) 
Days 
of 
Age 
Group 
6 7 8 9 
28 
35 
42 
49 
56 
0.15 
0 .18  
0.30 
0.30 
0 .20 
0 .20  
0 .28  
0.18  
0 .20  
0.23 
0 ,28  
0.25 
0 .23 
0 .25 
0 .23 
0.33 
0.20 
0 .18  
0.28 
0.20 
Bone marrow changes 
Results of bone marrow studies in this trial are 
similar to those of Trial I and are summarized in Tables 
54 and 55« 
The relative numbers of binucleated erythrocyte pre­
cursors were approximately the same among treatment groups. 
Bone marrow samples taken at 28 and 56 days of age 
frcz ths •unsuppleniented pis? (Group n) nnrrUiriHci more 
erythrocyte precursor cells with 3 or 4 nuclei than did 
bone marrows from the selenium supplemented group (Group 
8)0 Such cells were infrequently found in Group 7 or 
Group 9. 
Erythrocyte precursor cells with 5 or more nuclei 
were seen only in bone marrows taken at 56 days of age 
from Groups 6 and 8. 
There was a trend toward more multinucleation of 
erythrocyte precursor cells in Groups 6 and 8. Erythro­
cyte precursors which had as many as 8 or 9 nuclei were 
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seen in bone marrows from 2 pigs of Group 6 (Figure 18 
and 19)• 
Small numbers of naked nuclei of the erythrocytic and 
reticulum cell series were present and mitotic forms in 
myeloid cells were occasionally observed in bone marrow 
smears from pigs of all treatment groups. Nuclear abnor­
malities in cells of the myeloid series were not found in 
any experimental pigs. 
Bone marrow smears from the Groups 6 and 8 were hyper­
plastic with respect to the erythroid series. 
Table $4. Mean distribution^ of multinucleated erythrocyte 
precursor cells in bone marrows of 28 day-old 
pigs 
Nuclei Group 
per 
Cell 6 7 8 9 
2 10.50 7.75 9=75 10.25 
3 3.50** 1.25 3.00* 0.75 
4 1.50** 0.50 1.25* 0.00 
5 or more 0
 
0
 
0.25 0.25 0.00 
lumbers of cells counted from 10 random high power 
(45OX) fields (each field had an area of approximately 
r \  H o  yj 0 d. J iiii!'-/ e 
•Significant at P4.0,05« 
••Significant at P<CO.Ol. 
Figure 18. Bone marrow impression smear. Pig 9326 from 
the unsupplemented group, Trial II. Note a 
multinucleated erythrocyte precursor cell 
(center) with 10 nuclei. Wright's blood 
stain, X 512 
Figure I9» Bone marrow impression smear. Pig 9350 from 
the ^supplemented group, Trial II. Note a 
multinucleated erythrocyte precursor cell 
with 9 nuclei. Wrieht's blood stain. 
X 2,048 
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Table 55» Mean distribution^ of multinucleated erythrocyte 
precursor cells in bone marrows of 56 day-old 
pigs 
Nuclei 
per 
Cell 6 
Group 
7 8 9 
2 8.33 10.75 8.25 9.25 
3 5.33** 1.00 3.50* 0.25 
4 3.67** 0.00 2.25* 0.00 
5 or more 2.00 0.00 1.00 0.00 
lumbers of cells counted from 10 random high power 
(450X) fields (each field had an area of approximately 
0,13 : 
^Significant at P<0.05« 
** Significant at P^O.Ol, 
Serum vitamin E levels 
Results of serum vitamin E levels are presented in 
Table 56 as group means. Values were lower in Groups 6 
and 8 than in Groups 7 and 
Table 56, Mean serum vitamin E levels (in mg fo) 
Days Group 
of 
A crr\ 6 ? 8 9 
56 0.235 0.307 0.181 0.348 
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Tissue selenium levels 
Data for selenium content in the kidney, liver and 
spleen are listed in Table 57. 
Table 57' Tissue selenium content (in ppm) 
Group Pig # 
Survival 
Days Kidney Liver Spleen 
6 9326 56 0.3514 0.0683 0.1067 
6 9350 56 K 0.2432 0.0412 0.0579 
6 9507 56 K 0.4345 0.0754 0.1193 
6 9614 48 D^ 0.7886 0.1385 0.2202 
0.4494c 
O.2267Ô 
0.0809 
0.0412 
0.1260 
0.0681 
7 9321 56 K - - -
7 9356 56 K 0.3904 0.0580 0.0342 
7 9500 56 K 0.4823 0.0586 0.0812 
7 9613 56 K 0.4549 
0.4425 
0.0472 
0.0494 
0.0553 
0.0051 
0.0727 
0.0627 
0.0250 
8 9320 56 K - - -
8 9351 56 K 1.0740 0.2015 0.2178 
U 9502 56 tr i 1 nn c 
— • 1 ^ V fj _ 200" Q ^1749 
8 9611 56 K 0.8456 0.1423 0.1616 
1.0300 
0.1669 
0.1816 
0.0340 
0.1848 
0.0294 
9 9322 56 K - - -
9 9359 56 K 0.9222 O.I658 0.1351 
9 9504B 56 K 1.2581 0.2663 0.2730 
9 9610 56 K 0.9254 û.ii49 0.1216 
1.0352 
0.1930 
O.I823 
0.0770 
0.1766 
0.0837 
^Killed. 
^Diedo 
CQroup mean. 
^Standard deviationo 
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Groups 6 and 7 had lower selenium levels (in parts 
per million) than did Groups 8 and 9 in all the 3 tissues. 
The kidney had a higher selenium content than did the 
liver or spleen in all groups, 
Macroscopic and microscopic lesions 
The incidence and location of macroscopic and/or 
microscopic lesions in pigs of all treatment groups are 
summarized in Table 58= 
Heart lesions Macroscopic heart lesions were 
observed in Pig 9^1^ which died on Day 49 and Pig 9326 
which was 1 of the 3 pigs remaining in the unsupplemented 
group (Group 6) at the termination of the trial. Approx­
imately 15 to 20 ml of light yellow fluid containing a few 
fibrin 9tr=nnR w-âs nolleoted from the pericardial sac of 
each of these 2 pigs. The ventricular myocardium was 
slightly mottled in both pigs. 
Microscopic lesions consisting of scattered foci of 
swollen and degenerated muscle fibers were found only in 
Pigs 9614 and 9326, Groups of these fibers stained intense­
ly with eosin and were often invaded by macrophages and 
other mononuclear inflammatory cells. Muscle nuclei in 
areas of muscle fiber degeneration were either swollen, 
vacuolated or pylmotic. Focal areas of dystrophic miner­
alization were found in the centers of some degsnsrated 
Table 58. Incidence and location of lesions 
Hyperkeratosis 
and/or 
Acute or Parak e ra 10 s i s 
Chronic Skeletal of Esophagus and 
Liver Heart Muscle Gastric Non-glandular Subcutaneous 
Group Lesions Lesions Lesions Ulcer 13 tomach Edema 
6 4^ (4)t  2  (4)  2  (4)  1  (4)  4  (4)  3  (4)  
7  0  ('+) 0 (4)  0  (4)  1  (4)  3  (4)  0  (4)  
8  0  (4)  0  (4)  (4)  0  (4)  3  (4)  0  (4)  
9  0  (4)  0  (4)  0  (4)  1  (4)  2  (4)  0  (4)  
dumber of pigs with lesion.-s. 
'dumber of pigs examined. 
vO 
00 
'Focal granulomatous myositis at the injection site, 
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muscle fibers in Pig 961^. Heart lesions in these pigs 
were less chronic than those noted in the doubly deficient 
pigs of Trial I as indicated by a lack of fibrosis and 
vascular proliferationq 
No macroscopic or microscopic heart lesions were 
seen in pigs from the vitamin E, selenium, or selenium-
vitamin E supplemented groups. 
Skeletal muscle lesions Microscopic skeletal 
muscle lesions in Pigs 9326 and 9614 from the unsupplement-
ed group were characterized by necrosis of scattered in­
dividual muscle fibers. Frequently groups of muscle fibers 
adjacent to the necrotic fibers were swollen and stained 
intensely with eosin. In some areas, muscle nuclei within 
degenerated muscle fibers were pyknotic and some had under­
gone k?.ryolys "i s. In other musclc fibers ^ degenerative 
changes were segmental and consisted of granular muscle 
fiber fragments and clumps of degenerated fibrils and sar-
coplasm (Figure 20). Single rows of centrally located 
muscle nuclei were noted in lightly stained (basophilic) 
muscle fibers. Collections of macrophages and other mono­
nuclear inflammatory cells were often seen in areas of 
muscle necrosis. 
In general these skeletal muscle lesions were not as 
extensive as those observed in skeletal muscles of the 
doubly deficient pigs of Trial I. 
Figure 20, Skeletal muscle. Pig from the unsupple­
mented group, Trial II, Note the granular 
degeneration of muscle fibers and clumps of 
degenerated fibrils and sarcoplasm, H and 
E stain. X 1000 
Figure 21. Liver. Pig 9350 from the unsupplemented group, 
Trial II, Several necrotic lobules contain 
blood and there is extensive post necrotic 
scarring (arrow), H and E stain. X 160 
loi 
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No macroscopic or microscopic lesions were seen in 
skeletal muscles of pigs from vitamin E, selenium or sel­
enium and vitamin E supplemented groups. 
Liver lesions Macroscopic liver lesions were 
found in all 4 pigs from the unsupplemented group. There 
were no liver lesions in pigs from the vitamin E, selenium, 
or selenium and vitamin E supplemented groups. 
There was considerable variation in macroscopic liver 
lesions in the unsupplemented pigs. The liver surface of 
Pig 9507 was covered with numerous dark red punctate lesions 
on a light yellow "background. Liver surfaces of Pigs 9326 
and 9350 had a mosaic pattern of dark red, raised or de­
pressed and light yellow areas (Figures 22 and 23). The 
liver of Pig 961^ had a light brown color with dark red 
irregular fissures. 
Microscopic lesions were observed in liver sections 
from the unsupplemented group only and were characterized 
by necrosis of hepatic lobules, portal and interlobular 
fibrosis, and marked biliary hyperplasia (Figure 21). In 
Pigs 9326, 9350 and 9614 approximately 75 to 80^ of the 
hepatic lobules were necrotic, while in Pig 9507, necrosis 
occurred in 20 to ZJ/o of the hepatic lobules. Frequently 
one to several normal hepatic lobules were interspersed 
among large numbers of necrotic lobules» Occasionally, 
only the central portions of hepatic lobules were necrotic. 
Figure 22. Liver. Pig 9350 from the unsupplemented 
group, Trial II. The red raised or depressed 
areas are necrotic while the tan areas are 
normal. 
Figure 23. Liver. Pig 9326 from the unsupplemented 
group, Trial il. Note a mosaic pattern 
of dark red raised or depressed and tan 
areas on the surface. Fissures or cracks 
represent contracted fibrous connective 
tissue. 
t fot  
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Islands of hepatocytes were present in areas of fibrosis 
(Figure 21). In general, however, entire hepatic lobules 
were necrotic and were filled either with cellular debris 
or with blood. 
In many areas several hepatic lobules had been re­
placed by fibrous connective tissue and these areas were 
infiltrated with mononuclear inflammatory cells. Focal 
areas of dystrophic mineralization were present in some 
necrotic lobules of Pig 9614. 
No macroscopic or microscopic liver lesions were 
found in pigs supplemented with vitamin E, selenium, or 
selenium and vitamin E. 
Lesions in other tissues The subcutaneous fat in 
Pig 9326 (Group 6) had a light yellow color. Subcutaneous 
WRT-P PinRTnH-i.nUs Vn 1 pig» irigS yj26. GlwO and 961^) 
from Group 6 and the pleural surfaces in Pig 9326 were 
pale yellow. 
The lungs of Pig 9614 were edematous and the anterior 
ventral portions had dark red areas. The interlobular 
septa were distended with clear fluid. On microscopic 
examination the dark red areas were found to be areas of 
pulmonary congestion and edema. 
Macroscopic lesions in the esophagus and in the non-
glandular portion of the stomach were present in 12 of the 
16 experimental pigs. The epithelium lining these areas 
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was covered by a white to grey granular pseudomembrane. 
In many pigs, small erosions were often scattered over the 
esophageal mucosa. Erosions were seen in the non-glandular 
portion of the stomach of Pig 9326 from Group 6,Pigs 9500 
and 9521 from Group 7, Pig 9351 from Group 8 and Pig 
9610 from Group 9» 
The white to grey granular pseudomembrane that cov­
ered the esophagus and the non-glandular portion of the 
stomach was composed of large numbers of leukocytes and 
keratinized epithelial cells. There was hyperkeratosis 
and parakeratosis of the underlying epithelium. Intra­
epithelial pustules were frequently observed in the eso­
phagus and the non-glandular stomach. Superficial erosions 
in the esophagus and in the non-glandular portions of the 
stomach were often invaded by a fungus identical to that 
previously described in Trial I. 
No macroscopic or microscopic lesions were found in 
the brain, thyroid gland, adrenal gland, pancreas, salivary 
gland, kidney, spleen, lymph nodes, skin or testicles of 
any experimental pigs. 
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DISCUSSION 
Clinical signs referable to the disease were observed 
in only 1 pig from the doubly deficient group. All other 
pigs were clinically normal up to the time of death or 
euthanasia. This is in agreement with findings by other 
investigators (Michel ^  al., 1969; Ruth and Van Vleet (197^) • 
Farmers usually report sudden deaths in weaned pigs that 
were clinically normal when last seen. This lack of well-
defined clinical signs of the disease makes early detection 
and treatment of the condition difficult. 
Groups 3 and 4 of Trial I which were treated with 
selenium gained significantly more weight than those groups 
that did not receive selenium during the nursing period. 
Two pigs in Group 3 and 1 pig from Group 4 were bigger 
and heavier than t^e n i ner pigs of the same litter at 
birth, It is conceivable that these heavier pigs received 
more milk during the nursing period than the smaller 
pigs in the litter and this may account for the group dif­
ferences observed in the weight gains. The slight depres­
sions in weight gains noted between 21 and 28 days of age 
were correlated with low feed consumption by all groups 
during the first week of the postweaning period. Failure 
to improve weight gains in weaned pigs by supplementing 
pigs with selenium and/or vitamin E in the present study 
is consistent with findings by other workers (Ewan et al., 
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1969; Grant, I96I; Groce et al., 1971; Van Vleet et al., 
1973). 
Lesions developed early and mortality was higher 
in Trial I pigs than in Trial II pigs, suggesting that the 
dietary status of the sows significantly influenced the 
depletion period in the weaned pigs. It is possible that 
many of the deaths referable to selenium-vitamin E defi­
ciency that occur in suckling pigs, as well as in recently 
weaned pigs, may be related to the deficiency status of 
the sow. Van Vleet et al. (1973) reported that parenteral 
administration of selenium-vitamin E preparations to preg­
nant sows, 2 to 3 weeks prior to farrowing, decreased the 
incidence of mortality in the offsprings. 
None of the pigs developed anemia during the course 
of the trials. This is consistent with findings by Trapp 
et, al. (1970) who reported normal hemograms in 6 herds 
with selenium-vitamin E deficiency. It contrasts with 
findings by Nafstad (I965) who reported that all the vit­
amin E deficient pigs developed anemia. He stated that 
anemia was evident in all the experimental pigs after they 
had been on a vitamin E deficient diet for 4 weeks. 
Michel et al. (I969) did not associate the anemia that 
developed in their experimental pigs with vitamin E defi­
ciency. 
The activity level of aminolevulinic acid dehydratase 
increased during the first 3 weeks and reached a maximum 
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•between 21 and 28 days of age before it started decreasing. 
This coincided with increased levels of PCV, Hb, and total 
RBC coimts. This is probably related to an intense ery-
throgenesis which occurs during the first 3 weeks of life 
in pigs (Schalm et al., 1975)• 
The activity of aminolevulinic acid dehydratase in 
erythrocytes of Trial I and II pigs was not affected by 
dietary manipulations suggesting that the deficiency of 
selenium, vitamin E or both exerted little or no effect on 
the activity levels of this enzyme in circulating erythro­
cytes . 
The viscosity of whole blood increased with decreas­
ing rate of shear in all groups indicating that the vis­
cosity of whole blood of young pigs was shear-dependent at 
37 C. This inverse relationship between the viscosity of 
whole blood and the rate of shear has not been reported 
for swine blood. However, it has been reported in several 
mammals and it is a rhéologie property of normal blood 
(Barbee, 1973; Chien et al., 1970; Chien 1971; 
Dintenfass, I966). Since the viscosity of whole blood 
was the same in all groups of Trial I and II irrespective 
of the type of treatment, it was concluded that selenium, 
vitamin E, or a combination of both selenium and vitamin 
E had no significant effect on the viscosity of blood. 
Alterations in membranes and/or a defect in hemoglo­
bin content of erythrocytes from vitamin E deficient pigs 
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were anticipated since several workers have stated (McCay 
et 1972; Nair, 1972; Tappel, 1972) that vitamin E 
functions in stabilization of membranes and in heme syn­
thesis. However, if these changes occurred, they were not 
reflected in changes in viscosity of whole blood. 
Leukocyte responses in all treatment groups of both 
trials were similar. Although leukocyte numbers increased 
in all groups, they remained within the normal range. This 
is contrary to the findings by Nafstad (1965) who reported 
a higher leukocyte count (primarily a neutrophilia) in 
vitamin E deficient than in vitamin E supplemented groups. 
The lack of a leukocytosis, in the present study, was 
correlated with minimal tissue demand for leukocytes as 
exemplified by little or no leukocytic infiltration in the 
damaged tissues. 
SGOx is an enzyme which is present in many mammalian 
tissues. Porcine tissues with relatively high activity 
of this enzyme include the liver, heart, and skeletal 
muscle (Hyld^ard-J ens en, 1973! Tollersrud, 1973 î Tollers-
rud and Nafstad, 1970). Since the liver and striated 
(skeletal and cardiac) muscles appear to be the target 
organs in selenium-vitamin E deficiency in swine, cellu­
lar damage in any of these organs results in the release 
and subsequent increase of this enzyme in plasma or serum. 
Elevated SGOT levels in pigs which had lesions were ex­
pected but elevated SGOT levels in pigs without visible 
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lesions were not anticipated. Increased cell membrane 
permeability may have occurred resulting in the release 
of the enzyme into plasma. Another possible explanation 
may be that cellular damage did occur but that the lesions 
were not detectable by light microscopy. 
Although elevations in SGOT activity were associated 
with lesions in target organs for selenium-vitamin E de­
ficiency, there was no correlation between the activity 
of this enzyme and the extent of histologic lesions 
observed in some of the pigs. 
SGOT activity values were lower in vitamin E treated 
pigs than in selenium treated suggesting that vitamin E 
was more effective than selenium in lowering the activity 
levels of SGOT in selenium-vitamin E deficient pigs. 
SGOT values from all groups were slightly higher 
than those th?t- nave })Hên previously reported. Perhaps 
the kinetic assay method used in the present study is 
more sensitive than the colorimetric method used by other 
investigators. 
Binucleated prorubricytes, rubricytes and metarubri-
cytes were seen in bone marrows of all groups in both 
trials regardless of treatment. Although the majority of 
the aforementioned cells may be abnormal, some of these 
binucleated cells were probably normal dividing cells that 
had not separated, since similar cells were also found in 
bone marrows of conventional (normal) pigs that were ex= 
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amined for comparative purposes only. These cells were 
less numerous in bone marrows of 1 day old pigs than in 
bone marrows of 21 or 56 day old pigs. The increase in 
number of these cells in bone marrows taken at 21 and 56 
days of age may be a reflection of the active hematopoie-
sis that takes place in pigs of this age group, 
Michel et (I969) reported finding binucleated 
prorubricytes, rubricytes and metarubricytes in pigs that 
were fed various experimental diets which included (Jfo 
protein basal ration, a low vitamin E diet, and a standard 
grower ration. He stated that these cells were infrequent­
ly seen in pigs fed basal rations plus selenium or ethoxy-
quin, and were rarely seen in pigs fed high levels of 
vitamin Eo Michel e_t al, (I969) suggested that the bone 
marrow abnormalities "may be an early lesion in the path-
ogenegis nf the anemia". Nafstad (1965) and Nafstad and 
Nafstad (I968) found these cells in bone marrow of vitamin 
E deficient pigs only. They associated these cells with 
the anemia that developed in these pigs. However, similar 
cells were found in all experimental pigs of Trials I and 
II as well as in normal control pigs, none of which had 
anemia. 
Erythroid'hyperplasia and erythrocyte precursor cells 
containing 3» 4 and 5 or more nuclei/cell were found pri­
marily in bons marrow smears of pigs that were not supple­
mented with vitamin 2 (Groups 1, 3, 6 and B), Similar cells 
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were rarely found in bone marrow smears from pigs that 
were supplemented with vitamin E or with both selenium and 
vitamin E. These findings are in agreement with observa­
tions of Nafstad (I965) and Nafstad and Nafstad (I968) who 
reported similar cells in bone marrows of vitamin E defi­
cient pigs only. These bone marrow abnormalities suggest 
that defective erythropoiesis occurs in vitamin E deficiency 
pigs. This defect is apparently confined to erythropoiesis 
since no abnormalities were found in megakaryocytes and 
cells of the myeloid series. Similar abnormalities in 
erythrocyte precursor cells have been associated with vi­
tamin E deficiency anemia in the monkey and in premature 
human infants (Fitch, I968; Majaj ^  a2., 1963» Porter 
and Pitch, I966; Porter ^  al., I962). These abnormali­
ties disappear following therapy with vitamin E (Majaj 
Ht- al,. 196li Porter ct al., 1962; Whitaker et al., 1967) = 
Although multinucleated erythrocyte precursor cells 
have been associated with the vitamin E deficiency state 
they are apparently not confined to this condition since, 
in man, similar cells are described in a group of familial 
hematologic disorders that are referred to as congenital 
dyserythropoietic anemias (Bergstrom and Jacobsson, 1962; 
Bright et al., 1972; Crookston ^  al,, I969; Murphy and 
Oski; 1972; 0'Regan ^  al., 1974; Wolff and von Hofe, 
1951). 
Groups that v/ere supplemented with selenium in Trials 
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I and II had fewer multinucleated cells than groups that 
were deficient in both selenium and vitamin E. It may be 
that the presence of adequate levels of selenium lowered 
the body's requirements for vitamin E so that the avail­
able vitamin E, even in the deficiency state, was free 
to participate in erythropoiesis. Another possible ex­
planation is that selenium plays a heretofore unidentified 
role in erythropoiesis. Burk et al. (1974) suggested se­
lenium may have a primary role in hepatic heme synthesis. 
Lesions developed in the liver, heart, and skeletal 
muscles only in Groups 1 and 6, These groups were fed a 
diet deficient in selenium and vitamin E and were not 
supplemented with either selenium or vitamin E. Analysis 
of the kidney, liver, and spleen for selenium content and 
serum for vitamin E levels indicated that these pigs had 
lower than noT-tnai values of these 2 micrcnutrientS; This 
suggests that both selenium and vitamin E have to be de­
ficient before lesions of selenium-vitamin E deficiency 
occur. 
Supplemental selenium and vitamin E were equally 
effective in preventing the development of lesions in the 
liver, heart, and skeletal muscles of pigs fed a selenium-
vitamin E deficient diet. However, Mahan _et al, (1973) 
have reported that selenium rather than vitamin E plays 
the major role in prevention of selenium-vitamin E defi­
ciency sjmdrome in pigs- Other workers (Grant and Thaf-
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velin, 1958; Michel et al., I969; Nafstad and Tollersrud, 
1970) have reported that addition of selenium to diets 
that are deficient in selenium and vitamin E protects 
against the development of hepatic and cardiac lesions but 
not against skeletal muscle lesions. In both trials, 
supplemental selenium and vitamin E were administered 
intramuscularly and at weekly intervals while most other 
workers have added these supplements to the diets. It is 
possible that not all the selenium that is added to the 
diet gets absorbed in useable fomi. If this assumption is 
correct, it may explain why these results are at variance 
with those of other workers. 
Liver lesions were present in all the selenium-vitamin 
E deficient pigs of Groups 1 and 6, while cardiac and 
skeletal muscle lesions were more coimonly found in pigs 
of Group 1 than in Group 6= Group 1 pigs were from the 
sows that were fed diets low in selenium and vitamin E 
while Group 6 pigs came from sows fed diets that had ade­
quate levels of selenium and vitamin E. This suggests 
that either striated muscles of Group 1 pigs had low selen­
ium and/or vitamin E reserves at birth whiuh were quickly 
depleted or the striated muscles of Group 6 pigs had high 
selenium and/or vitamin E reserves which took longer to 
deplete. 
Vascular lesions were observed in skeletal muscles 
of only 1 pig. The lesions were seen in areas of severe 
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muscle necrosis and were not found in vessels of less 
affected muscles. This research indicates that vascular 
changes are not the primary lesion in selenium-vitamin E 
deficiency syndrome as stated by Grant (I96I). A high in­
cidence of vascular lesions in selenium-vitamin E deficiency 
syndrome has been reported by some workers (Grant, I96I; 
Nafstad and Tollersrud, 1970» Trapp et al., 1970). How­
ever, others (Michel et al., 1969; Ruth and Van Vleet, 197'+) 
found very few or no vascular lesions in selenium-vitamin 
E deficient pigs. Trapp et al, (1970) made their obser­
vations only on field cases that had lesions of selenium-
vitamin E deficiency. Escherichia coli and several other 
microorganisms were isolated from about $0^ of the pigs. 
It is apparent that vascular lesions are not a constant 
finding in selenium-vitamin E deficiency and they may in 
fact np T-eiAt,eel to other deficiencies. 
Fluid accumulations in the pericardial sac, thoracic 
and abdominal cavities, and subcutaneous tissues were 
found only in pigs with severe heart lesions and were re­
lated to congestive heart failure. However, pulmonary 
edema was probably a terminal lesion since it was found 
only in selenium-vitamin E deficient pigs that died but 
not in those that were killed. 
Epicardial or endocardial hemorrhages have been asso­
ciated with selenium and/or vitamin E deficiency syndrome 
in swine by other workers (Grant, I96I; Lament et . 1950; 
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Nafstad and Tollersrud, 1970). These lesions were not 
found in any of the pigs in Trials I and II suggesting 
that they are possibly related to some other factors. 
Erosions, hyperkeratosis and parakeratosis of the 
esophagus and the non-glandular portion of the stomach 
occurred in the majority of pigs of Trials I and II. 
These lesions were associated with the experimental diet 
since they were not seen in conventional (normal) pigs 
that were fed the standard grower ration. 
Gastric ulcers were found in a small number of pigs 
from the selenium-vitamin E deficient groups as well as 
the pigs supplemented with selenium and/or vitamin E of 
both trials. The ulcers were probably related to the 
type of diet since they were not seen in normal pigs that 
were fed a standard grower ration. Other workers (Naf-
staà; iQny: Nafsand Tollersrud. 196?; Tîafstad et al., 
1967; Van Vleet et al., 1970) have reported a high inci­
dence of gastric ulcers in vitamin E deficient pigs. 
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SUMMARY 
Selenium-vitamin E deficiency syndrome which includes 
lesions of massive hepatic necrosis, and cardiac and skel­
etal muscle necrosis was induced and studied in 69 young 
pigs. Trial I consisted of pigs from sows that were 
maintained on a diet low in selenium and vitamin E. These 
pigs were divided into 4 treatment groups as follows: 
doubly deficient (untreated), vitamin E treated, selenium 
treated, and selenium-vitamin E treated. The ^th group 
consisted of pigs obtained from sows fed a normal balanced 
diet. Group 5 pigs were fed a normal balanced diet and 
were used as a control group. Pigs used in Trial II 
were from sows fed standard gestation and lactation diets. 
They were divided into 4 treatment groups as in Trial I. 
All groupe : uroup p of Trial I, were weaned at 21 
days of age and immediately started on a selenium-vitamin 
E deficient diet. The trials were terminated when the 
pigs were 56 days old. 
Parameters evaluated in these trials included clinical 
signs, mortality rates, weight gains, blood values, and 
changes in bone marrow and other tissues. 
Specific findings from this study were as follows: 
Only 1 pig developed clinical signs. These included 
periods of reduced physical activity, disturbed locomotion, 
and below average feed consumption. Supplemental selenium 
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and/or vitamin E had no effect on weight gains. 
Evaluation of PCV, Hb, total erythrocyte and leukocyte 
numbers, erythrocyte indices (MCV and MCHC), absolute 
differential leukocyte numbers, activity levels of erythro­
cyte ALAD, viscosity of whole blood, and plasma protein 
and fibrinogen concentrations reflected no change rela­
tive to this condition. Significant elevations in SGOT 
activity levels were noted in pigs with liver, heart or 
skeletal muscle lesions but these levels were not cor­
related with the extent of the lesions. Anémia did not 
develop in any of the pigs. 
Bone marrow abnormalities which included multinu-
cleation of prorubricytes, rubricytes and metarubricytes 
were observed in pigs that were deficient in vitamin E and 
those that were deficient in both selenium and vitamin E. 
S UP. h uone marrow abnormalities were seen in neonatal, suck­
ling and weaned pigs. 
Selenium-vitamin E deficiency syndrome was induced 
only in pigs that were deficient in both selenium and 
vitamin E. Liver, heart, and skeletal muscle lesions de­
veloped earlier and mortality was higher in Trial I than in 
Trial II pigs. Supplemental selenium and vitamin E were 
equally effective in preventing the development of the 
liver, hearts and skeletal muscle lesions. Gastric ulcers 
seldom occurred and were not associated with the deficiency 
of selenium and/or vitamin E, There was no evidence to 
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support the thesis that the vascular changes are the 
primary lesion in selenium-vitamin E deficiency syndrome. 
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